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Balsam {Impatiens balsamina L.) is an annual 
ornamental plant has red, pink, purple flowers and also 
used for various pleasantly scented plant products. It is 
native to Southern and South East Asia and found 
throughout the tropical and subtropical parts of India and 
commonly cultivated in China, India, Japan and Malaysia. 
The term balsam, however is also applied to many 
pharmaceutical preparations and resinous substances which 
possess a balsamic odour. Moreover, different parts of the 
plant are used to treat the diseases of human beings. In 
China, the aerial parts are used for the treatment of 
articular rheumatism, bruises and beri-beri. In South Korea 
the plant is used in treating tuberculosis, carbuncles and 
dysentery. The methanolic extract of the whole plant yields 
a naphthoquinone derivative, 2-methoxy- l , 4 
naphthoquinone which exhibited strong antifungal activity 
against Candida albicans, Aspergillus niger, Cryotococcus 
neoformans and Epidermophyton floccosum; the activity 
was compared to that of nystatin. The extract also showed 
Strong antibacterial activity against Bacillus subtilis as well 
as Salmonella typhimurium. The flowers contain flavonols, 
flavonoid pigments, phenolic compounds and quinones. 
Flowers are mucilaginous and used to improve circulation 
and relieve stasis. Leaves and seeds are edible. Flowers and 
leaves may also be used as substitute for henna. Seeds 
contain a fatty oil used for cooking, burning in lamps, and 
as an illuminant; and suitable for use in the surface coating 
in industry. 
Plant parasitic nematodes constituting a substantial 
portion of soil biota are cosmopolitan and attack roots of 
large number of plants and reducing their productivity 
substantially over a period of time. They are considered 
worst enemies of mankind because of devastations they 
cause to the crops. Plant parasitic nematodes including 
root-knot nematodes being regarded as serious pests 
constituting an important major limiting factors in the 
production of agricultural and horticultural crops. Extent of 
damages, however, varies depending upon the nematode, 
crop and its cultivars, agroclimatic conditions and other 
biotic and abiotic factors. Endoparasitic nematodes are 
more damaging and agriculturally important than other 
groups. The quantitative and qualitative losses caused by 
the nematodes in yields of agricultural crops are enormous. 
The root-knot nematode (Meloidogyne spp.) constitute a 
major group of phytonematodes which cause significant 
losses in yield of food and fibre. Root-knot nematode is one 
of the limltinr factor governing vegetative propagation in 
northern India and the losses they cause worldwide. 
Although accurate information on the extent of crop 
losses caused by root-knot nematode is difficult to assess 
(Siddiqui, 1993). However, many workers have expressed 
approximate losses. There are some reports of crop losses 
in terms of money. A loss of 5 million kroners was 
estimated due to cereal cyst nematode, Heterodera avenae 
in Denmark (Stapel, 1953). USDA estimated an annual crop 
loss of 372, 335000 dollars to 16 crops (Taylor, 1967). In 
other estimates, Hutchinson et al. (1961) and Cairns (1955) 
reported loss of $ 250 million and $ 500 million due to 
nematodes. Southey and Samuel (1954) reported a crop 
loss to the extent of 200,000 tonnes of potato annually by 
Globodera rostochiensis in England and Wales. The 
estimated annual loss due to nematodes in USA was of the 
order of $ 10,38,374,300 in 16 field crops, $ 225, 145, 900 
in fruits and nut crops, $ 266, 289, 100 in vegetable crops 
and $ 59, 817, 634 in ornamental crops (Feldmesser et al., 
1971). Sasser and Freckman (1987) have indicated annual 
crop losses due to plant parasitic nematodes on worldwide 
basis to the tune of $ 100 billion.In a worldwide survey 
conducted by Sasser (1989) estimated overall annual yield 
losses of world's major crops due to damage by plant 
parasitic nematodes is 12.3%. Plant parasitic nematode 
cause US $ 125 billion of losses to world agriculture 
annually (Chitwood, 2003). 
Many workers have attempted to assess crop losses 
caused by plant parasitic nematodes in India. In India, the 
annual loss Inflicted by pests, disease nematodes and weeds 
is estimated at Rs 6,000-17,000 crores. Srivastava (1969) 
reported 75% loss of egg plant and tomato due to root-knot 
nematode. Van Berkum and Seshadri (1970) have 
calculated these losses In India in terms of money. They 
estimated the annual losses due to 'ear cockle' disease 
caused by Anguina tritici on wheat, at $ 10 million, due to 
Pratylenchus coffeae on coffee at $ 3 million and due to 
molya disease caused by Heterodera avenae in Rajasthan 
alone at $ 8 millions. Bhatti and Jain (1977) and Jain and 
Bhatti (1978) estimated a loss of 90.9, 46.2 and 27.3% in 
okra, tomato and brinjai respectively in the field infested 
with M.incognita. Paruthi and Bhati (1981) reported the 
loss in wheat yield due to Anguina tritici ranged from 1-9%. 
The plant parasitic nematodes, particularly, the root-knot 
nematode, M. incognita is an important limiting factor in 
successful cultivation and productivity of mung 
(VIshwadhar, 2003). Jain et al (2007) estimated total 
national loss due to plant parasitic nematodes in 24 
different crops is Rs. 21,068.73 (million). 
Different measures were considered and found 
effective for the management of. these nematodes. 
Nematicides were found to be more effective against major 
phytonematodes in different part of the world. Use of 
nematicides is however, now being discouraged because of 
its impact on human health and environmental risks 
associated in their manufacturing and application. Due to 
problems caused by chemical control, development of 
alternative control measure is of great concern. Biological 
control of plant parasitic nematodes offer an alternative 
tools to chemical control. Biological control mainly deals 
with the application of biological agents or by stimulation of 
natural enemies of the nematodes like fungi and bacteria in 
the soil environment. Many natural enemies attack 
phytonematodes in soil and reduce their populations. 
Biological control has been defined as the reduction of 
inoculum density or disease producing activities of a 
pathogen or parasite in its active or dormant stage, by one 
or more organisms, accomplished naturally or through the 
manipulation of the environment, host or antagonist or by 
mass introduction of one or more antagonists. 
Exploitation of biocontrol agents and their application 
and marketing for large scale use of the growers bring them 
under the category of newly coined word "Biopesticides", 
Biopesticides refer to microbial pathogens that uniformly kill 
or suppress the target pest In a manner similar to chemical 
control. Biocontrol agents / biopesticides have been a boom 
to primitive agriculture and have been economically 
successful in modern progressive and Intensive agriculture. 
Biopesticides are being used as an alternate strategy to 
chemical pesticides as they are target specific and 
environment friendly due to their higher selectivity and 
biodegradable nature. The nature and extent of such 
constraints on nematode multiplication in order to establish, 
whether the enemies can be exploited to reduce damage 
and increase crop yield needs to be determined. 
The use of botanical pesticides / natural plant products 
in an agro-ecosystem is now emerging as one of the prime 
means to protect crop and the environment from the 
pesticidal pollution which is a global problem. Botanical 
pesticide posses Important properties including insecticidal 
activity, toxicity to nematodes, mites, agricultural pests and 
also antifungal, antiviral and antibacterial properties against 
pathogens. The addition of botanicals in soil also improves 
the soil fertility by improving soil structurally and 
nutritionally, resulting in greater yield. Bio-active products 
of plant origin being less persistent in environment and safe 
to mammals and other non target organisms are readily 
available at many place and are cheaper than their 
synthetic counterpart and their crude extracts are easy to 
prepare even by farmers. Khan et al. (1974) argued that 
the beneficial effects of the organic amendments are due to 
certain nematicldal compounds that are released during 
decomposition of organic additive in soil. 
Soil amended with organic materials including 
biofertilizers have been used for centuries for the 
improvement of soil fertility. Biofertilizer is a natural and 
organic fertilizer that help to provide and keep in the soil all 
the nutrients and microorganism required for the benefit of 
the plants. I t increases salinity of soil and chemical run-offs 
from the agricultural field. The main source of biofertilizers 
are bacteria, fungi and cyanobacteia. Nitrogen-fixing 
bacteria, such as symbiont Rhizobium and the fv&Q living 
Azotobacter and Azospirillum, convert gaseous form of 
nitrogen in the atmosphere to forms, readily used by crops 
and is available constantly to plant in association, and the 
plant Is able to with stand the adversaries. 
Keeping in view the economic Importance of balsam as 
an ornamental plant besides having medicinal values and 
the association of root-knot nematode and root-rot fungus 
on the plant, it was considered desirable to study the effect 
of bio control agents, biofertilizers, pesticides and certain 
botanicals as soil amendments in the management of root-
knot and root-rot disease complex of balsam. With this aim 
in view the following aspects have been studied. 
1. Studies on the management of disease complex of 
balsam caused by root-knot nematodes, Meloidogyne 
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javanica and root-rot fungus, Macrophomina phaseolina 
through the application of bioagents. 
2. Studies on the management of disease complex of 
balsam caused by root-knot nematode, Meloidogyne 
javanica and root-rot fungus, Macrophomina phaseolina 
through the application of biofertilizers and pesticides. 
3. Studies on the management of disease complex of 
balsam caused by root-knot nematode, Meloidogyne 
javanica and root-rot fungus, Macrophomina phaseolina 
through the application of leaves of some plants. 
4. Studies on the management of disease complex of 
balsam caused by root-knot nematode, Meloidogyne 
javanica and root-rot fungus, Macrophomina phaseolina 
through the application of fruits/fruit parts of some 
plants. 

Phytonematodes Including root-knot nematodes being 
regarded as serious pests constituting an important major 
limiting factor in tlie production of agricultural and horticultural 
crops, thus attracting the attention of most nematologlsts and 
pathologists who are seriously concerned to manage them. 
Various chemical, cultural, physical and biological measures 
are adopted for the management of plant-parasitic nematodes. 
Biological control at present seems to be practically demanding 
and the most relevant approach due to greater awareness of 
the essentiality of pollution free environment (Khan, 1990). 
Biocontrol mainly deals with the application of biological 
agents for the reduction of plant parasitic nematode population 
either or by stimulation of natural enemies of the nematodes 
like fungi and bacteria in the soil environment. 
Biological control aims at increasing the parasites, 
predators and antagonists of nematode and fungus In the soil 
ecosystem. In order to increase the mortality of plant parasitic 
nematode leading to the biological suppression and 
development of suppressive soils in sustainable manner. This 
can be done by introduction and augmentation of the biotic 
component of environmental resistance. Tlie biocontrol agents 
provide protection against plant diseases either by direct 
action against the pathogen i.e antagonism which includes 
parasitism, antibiosis, competition and/or indirectly by 
reducing host susceptibility i.e host mediated interaction and 
includes exudation, altered rhizosphere, Induced resistance, 
hypovirulence, IPGR etc. (Chaube et al., 2003). Micro 
organisms have been extensively used for the biological 
control of soil borne plant diseases as well as for promoting 
plant growth. The important genera of fungi studied as bio 
control agents are Trichoderma, Paecilomyces, Verticillium, 
Glomus spp., Gliodadium, Aspergillus etc. Out of these genera 
Paecilomyes, Trichoderma, Gliodadium, Talaromyces are being 
extensively studied for their use in biocontrol. Biocontrol 
agents colonize the rhizosphere, the site requiring protection 
and leave no toxic residues as opposed to chemical. 
The information on status of biocontrol in natural 
conditions with regard to the organism associated with the 
nematodes and their prevalence in field emerging through 
such studies, can be exploited for practical purposes. 
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Disease complex involving nematodes and other 
microorganisms are common in nature. In the complex biotic 
environment of soil, the pathogens are always influenced by 
associated microorganisms. Root system irrespective of the 
nature of plant species, is constantly exposed to abiotic and 
biotic factors Including soil Inhibiting microorganism which 
develop several kinds of interrelationship among themselves. 
Such associations may be beneficial or deleterious to plants. 
One pathogen-one disease concept was the basis of 
investigations made by many nematologists and plant 
pathologists. Fawcett (1931) was the first to realize that 
"nature doesnot work with pure culture" and that many plant 
diseases, particularly root diseases, are influenced by various 
microorganisms occupying the same habitat. Plant parasitic 
and pathogenic root infecting fungi are often regarded as 
pathogens in their own right, capable of producing a single 
recognizable disease.Multiple-parasitic associations and 
disease complexes are the usual norms under field conditions. 
The knowledge of nematode-fungal disease complexes has 
increased greatly. Although some research has been 
conducted in recent years, yet there is great scope of making 
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Studies on the complex interactions among plant parasitic 
nematodes, soil inhabiting fungi and host roots. 
Among the microorganisms that parasitize or prey on 
nematode or reduce nematode population by their antagonistic 
behaviour, fungi and bacteria hold key positions. Fungi 
continuously destroy nematode in virtually all soils because of 
their constant association with nematodes in rhizosphere. 
Fungi possessing the capacity to destroy or deleteriously affect 
nematodes vary considerably in both their biology and 
taxonomic relationships. They range from obligate, 
endoparasltic forms, many of which are zoosporic to 
predaceous trap forming species and opportunistic fungi that 
colonize reproductive structure such as cysts and eggs. 
Biocontrol agents particularly nematode-destroying fungi are 
common and abundant in both natural and agricultural soils in 
all kinds of decaying organic materials (Sayre (1980), Kerry 
(1975, 1980, 1987), Jatala (1986), Khan and Esfahani (1990), 
Galper eta/. (1991), Leij etal. (1992). 
PaecUomyces lilacinus causes egg deformation in M. 
incognita with the help of diffusible toxic metabolites (Jatala, 
1986; Jatala et a!., 1985). The fungus cause alteration in the 
eggs cutlcular structure by enzymatic activity and helps hyphal 
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penetration. This changes egg shell permeability or causes 
perforation in the cuticle which allows seepage or free 
movement of diffusible metabolic compounds (Jatala, 1986). 
Roman and Rodriguez-Marcano (1985) examined the 
effect of P. lilacinus on the larval and root-knot formation by 
M. incognita in tomato. The fungus controlled the nematodes 
and reduced root-knot formation and thus fewer larvae were 
found in roots and soil of plants inoculated with the fungus. 
Rohana et at. (1987) conducted experiments to 
investigate the effects of application of P. Ulacinus on 
population level of root-knot nematode (Meioidogyne spp.) and 
tomato plant growth. P. lilacinus was found to inhibit the 
population development of Meioidogyne spp. and maintained 
growth of tomato at 0.5 and 1.0 g inoculum/750 g soil. 
Jimmez and Gallod (1988) evaluated the efficiency of P. 
lilacinus as a biological control agent of Meioidogyne spp. viz., 
M. javanica, M. arenaria and M. incognita under greenhouse 
conditions. The fungus infected eggs and occasionally females. 
Cabanillas et al. (1989) found best protection of tomato 
against M. incognita with 10 and 20g of P. lilacinus infested 
wheat kernels and P. lilacinus alone, delivered into soil 10 days 
before planting. Greatest suppression of egg development 
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occurred in plots treated with P. IHacinus in pellet. Sharma and 
Trivedi (1989) observed that the number of eggmasses and 
number of eggs/eggmass were much lower in plants treated 
with P. IHacinus as compared with control.. 
Trivedi (1990) evaluated the fungus P. IHacinus for the 
biological control of root-knot nematodes, M. incognita on 
Soianum melongena. Paeciiomyces IHacinus was used to 
control M. incognita under Indian agroclimatic conditions. The 
fungus was screened on sixteen different culture substrate. 
Maximum spore load per gram was found on rice grains. Better 
plant reductions in gallings, final soil nematode population, 
number of eggmasses and number of eggs per eggmass were 
noted in fungus treated aubergine plants. Pandey and Trivedi 
(1992) applied P. IHacinus to Capsicum annum seedings 
infested with M. incognita in a pot experiment. In treated pots 
there was a decrease in the number of galls, eggs per 
eggmass, final soil population and hatching of M. incognita 
eggs. 
Zaki and ."laqbool (1991) studied the efficacy of Pasteuria 
penetrans with two soil fungi on the biological control of M. 
incognita on okra. The results revealed that application of 
biological control agents viz., Paeciiomyces IHacinus, 
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Talaromyces flavus and Bacillus subtlHs when used Individually 
or in combination with P. penetrans enhanced plant growth 
characteristics such as length and weight of okra shoots and 
significantly reduced root-knot indices on okra plants. 
Khan and Saxena (1996) observed that the use of P. 
lilacinus showed significant control of M. incognita followed by 
M. javanica, M. arenaria and Rotylencfiulus reniformis on 
tomato plants. The eggmasses were found more vulnerable to 
fungal infection than eggs and females. Hazarika ef at. (1997) 
observed that Paecilomyces lilacinus to be effective against 
root-knot nematode in betelvine {Piper bettle). Application of 
P.lilacinus @ 4g/kg soil, increased the plant growth and yield 
of betelvine with decreased root-knot infestation. 
Sankaranarayanan et al. (1998) conducted an experiment to 
find out the nematicidal effect of the antagonistic fungi. 
Trichoderma harzianum (3 isolates), 7. viride (2 isolates), 
Gliodadium virens and G. deliquescens against M. incognita on 
sunflower. Application of antagonistic fungi to sunflower 
showed to increase plant height. The maximum plant height 
(78.7) was recorded in T. harzianum ITCC treated pots. 
Among the fungi tested, G. virens was found most effective 
with the least number of galls and eggmasses on root system 
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and nematode population in soil. G.virens had the potential to 
be on effective fungal nematicide against root-knot nennatode. 
Khanna (2000) examined that the parasitic fungus 
Paecilomyces li/acinus, when inoculated in the soil along with 
eggmass or freshly hatched juveniles of the root-knot 
nematode, Meloidogyne incognita, resulted in improvement of 
plant growth parameters in aubergine. An inoculum level of 
3.6 g fungus per 600 g soil was estimated as the optimum 
level for keeping the root-knot galls index under check and 
enhancing growth. The best plant growth and minimum root 
gall index was achieved when fungus was inoculated 15 days 
earlier than nematode Inoculation but statistically as par with 
the treatment in which Inoculations of fungus and nematode 
were done simultaneously. 
Pandey et al. (2003) recorded that all the treatments of 
Trichoderma viride showed significantly higher plant growth 
parameters over control. The gall development and final 
nematode population of M. incognita decreased with the 
Increasing level of T. viride. Maximum soil fungi were 
decreased with increasing level of T. viride and maximum root 
nodules and minimum root-knot nematode were observed in 
4000 spores of T. viride. Dhawan et al. (2004) observed the 
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efficacy of oviparasitic fungus, Paecilomyces lilacinus against 
root-knot nematode, Meloidogyne incognita on okra. The 
results showed that the application of P. lilacinus as seed 
treatment @ 10, 15 and 20 g/Kg seed and soil application @ 
1.5 and 3% w/w significantly increased plant growth 
characters and suppressed galls, eggmasses/plant and 
eggs/eggmass of the two types of fungal application, soil 
application was found to be better in increasing plant growth 
characters and reducing root-knot nematode population 
compared to nematode alone treatment. 
Pant et al. (2004) reported that the biocontrol agents 
viz., Paecilomyces lilacinus, Trichoderma harzianum, 
Aspergillus niger and Glomus fasciculatum (VAM) were found 
effective for the control of root-knot nematode, but a better 
performance was noted In VAM fungi (50 chlamydospores) 
followed by P. lilacinus (5000 spores), T. harzianum (5000 
spores) and A. niger (5000 spores). Higher growth 
parameters, maximum amount of yield and root nodules were 
recorded in VAM fungus. Maximum reduction of root-knot 
infection was recorded in P.lilacinus and higher number of 
total rhizosphere bacteria {Rhizobium and Azotobacter) were 
recorded in soil amended with VAM fungi. Reduction of fungal 
18 
colonies and plant parasitic nematodes were recorded from 
rhizosphere of plant grown in T. harzianum and VAM fungus. 
Krishnaveni and Subramanian (2004) reported that the 
application of blocontrol agents viz., Pseudomonas fluorescens, 
Trichoderma viride and VAM {Glomus mosseae) as seed and 
soil treatment increased growth of cucumber var. green long 
and reduced population of M. incognita race 3 as compared to 
control. 
Senthamaria et al. (2006) carried out an experiment for 
the evaluation of biocontrol agents against management of 
Meloidogyne incognita in Coleus forsl<otilii. Soli application of 
Pseudomonas fluorescens @ 2.5 kg/ha showed increased plant 
growth and reduced root-knot nematode population both in 
soil and root. Soil application of Trictioderma viride @ 2.5 
Kg/ha increased plant growth and reduced nematode 
population as compared to control followed by P. fluorescens. 
SIddiquI and Mahmood (1992) studied four biocontrol 
agents viz., Paeciiomyces liiacinus, Acropiiialophora 
fusisphora. Bacillus lichen!formis and Alcaligenes faecalis for 
the control of A7. incognita race 3 and Macrophomina 
phaseolina on chickpea. All the biocontrol agents except A. 
faecalis were found more effective in improving plant growth 
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when used against M. incognita alone or with M. phaseolina 
but less effective against /W. phaseolina alone. R lilacinus was 
the best biocontrol agent, while, B. licfieniformis and A. 
fusisphora were equally effective. 
Ehteshamul-Haque et al. (1994) reported that the use of 
biocontrol agents viz., Verticillium chlamydosporium, 
Paecilomyces lilacinus, Talaromyces flavus and Bradyrhizobium 
japonicum significantly (P<0.05) reduced root-knot infection 
on chickpea. Significant reduction in gall formation was 
observed when V. chlamydosporium was used with B. 
Japonicum. Greater increase in fresh weight of shoot was 
observed where T. flavus was used with B. japonicum followed 
by the use of B. japonicum alone or with P. lilacinus. Use of P. 
lilacinus alone or 7". flavus with B. japonicum also increased 
the plant height. 
Egulguren (1995) determined the efficacy of P. lilacinus 
as a biological control agent of M. incognita and N. aberrans 
under greenhouse conditions. For a population density of 25 
juvenlles/cm^ soil, the LD 50 for M. incognita and N.aberrans 
was 45.3 and 55.3 mg colonized rice/500 cm^ soil. Ethop 
ophos, fenamiphos, aldicarb, oxamyl and carbofuran was toxic 
to P. lilacinus in PDA culture, the LD50 of these nematicides for 
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the fungus being 3.0, 6.8, 7.2, 9.4 and 9.46 Kg/ha, 
respectively. 
Rao et al. (1997) found that the integration of vesicular 
arbuscular mycorrhizal fungus Glomus deserticola with V, 
ch/amydosporium for the management of M. incognita on the 
nursery seedlings of tomato resulted in a significant increase in 
the parasitization of nematode eggs by the fungus and 
Improvement in plant growth. Khan et al. (1997) showed that 
P. lilacinus at l.Og/Kg gave better control against M. incognita 
and 7". harzianum application alone at 1.0 g proved a stronger 
Inhibitor of F. solani. Paecilomyces lilacinus gave better 
protection of papaya against M. incognita and F. solani disease 
complex than T. harzianum. An application of both biocontrol 
agents limited the damage caused by M. incognita or F. solani 
and gave 35% increased in plant growth as compared to 
individual applications. 
Rao et al. (1998) recorded that the use of vesicular 
arbuscular mycorrhiza, G. mosseae with a nematophagus 
fungus, P. lilacinus for the management of M. incognita on 
eggplant (aubergine). Both biocontrol agents did not affect 
eachothers colonization on the roots resulting in an additive 
effect on the management of M. incognita. The final nematode 
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population was significantly less in the treatment where G. 
mosseae and P. lilacinus were integrated. 
Nagesh et al. (2001) studied the application of inorganic 
fertilizer along with oll-cakes viz., castor and neemcakes was 
beneficial to the endozoic antagonistic fungus P. lilacinus and 
also enhanced the antagonistic potential of P. Ulacinus against 
root-knot nematodes (M. incognita) under nursery conditions. 
Bhagawati et al. (2000) investigated the effect of mustard 
cake and Glomus etunicatum in different combination of M. 
incognita and/or F. oxysporum f. sp. lycopersici infecting 
tomato cv. Pusa Ruby.Both mustard cake and G. etunicatum 
were equally effective in reducing the damage caused by the 
nematode or the fungus. When both the management 
components were applied together in the infested area, the 
combined efficacy was much more than the single application. 
Application of Paecilomyces lilacinus and Pasteuria 
penetrans in combined application or either with carbofuran 
reduced the nematode population and increased the plant 
growth.Maximum reduction of M. incognita, in terms of soil 
nematode population, root-knot index, number of eggmasses 
and number of eggs per eggmass over control was observed in 
the tneatment of P. fifadnus and P. penetrans, carbofuran 
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alone was less effective. Treatment with P. lilacinus and P. 
penetrans showed the maximum plant height, root length and 
root weight than other treatments. (Devrajan and Rajendran, 
2005). 
Haseeb et al. (2005) determined the effect of bavistin 
(60 mg/Kg soil), carbofuran (60 mg/Kg soil), bavistin + 
carbofuran (30 mg each/Kg soil), Trichoderma harzianum 
(2x10^ cfu/Kg soil), Pseudomonas fluorescens (2x10^ cfu/Kg 
soil), T. harzianum + P. fluorescens (1x10^ cfu each/Kg soil) 
against M. incognita and F. oxysporum (2x10^ cfu/kg soil) 
disease complex on Vigna mungo cv.NDU-96-2. Among all the 
treatments, bavistin+carbofuran was highly effective against 
nematode + fungus disease complex followed by A. indica 
seed powder, T. harzianum + P. fluorescens, M. Koenigii 
leaves, carbofuran, T. harzianum, P. fluorescens, bavistin and 
neem leaves for all growth parameters except for fresh and 
dry weight of roots.Highest increase in the fresh and dry 
weight of root due to severe galling was observed in plants 
treated with P. fluorescens followed by T. harzianum, bavistin 
and T. harzianum+P. fluorescens, respectively. 
Haseeb and Sharma (2005) conducted an experiment to 
manage the Meloidogyne incognita and Sclerotinia 
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sclerotiorum disease complex on Mentha arvensis through 
chemicals (carbofuran @ 33.5 mg a.i./kg and bavistin @ 2 mg 
a.l./kg), organic amendments (neem seed powder @ 50 
mg/kg, neemcake @ 50 mg/kg, mintmanure @ 1500 mg/kg, 
farmyard manure @ 1500 mg/kg and Murraya koenigii leaves 
powder @ 500 mg/kg) and bioagents (T. harzianum, 
P.fluorescens, P.HIacinus, T. virens and A. niger @ 50 mg/Kg 
soil with 10^ cfu/g. Among all the treatments applied 
carbofuran was found to be effective followed by neem seed 
powder, neem cake and bavistin. Among all the biocontrol 
agents T. harzianum was found to be highly effective in the 
management of disease complex. 
Haseeb and Kumar (2005) determined the effect of bio-
inoculants viz., Aspergillus niger, Paecilomyces lilacinus, 
Trichoderma harzianum and Pseudomonas fluorescens @ 50 
kg/ha each containing 10^ cfu/g culture, organic amendment 
materials viz., neem seed powder @ 100 kg/ha, fresh leaves 
of neem {A. indica) and Murraya {Murraya koenigii) @ 300 
Kg/ha each, farmyard manure and mint {Mentha arvensis) 
manure @ 1500 Kg/ha each, and pesticides viz., carbofuran , 
topsin M @ 2 Kg a.i./ha each for the management of M. 
incognita @ 4000 J2/4kg soil) and Fusarium solani @ lOg/4 kg 
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soil disease complex of brinjal cv. Pusa kranti. Results revealed 
that all the treatments significantly improved the plant growth 
and reduced the percent root Infection and root knot Index as 
compared to untreated Inoculated control except the treatment 
with farmyard manure. 
Pandey et al. (2006) observed that the management of 
root-knot nematode through the combination of two fungal 
bioagents, Aspergillus fumigatus and Trichoderma harzianum 
both collected from eggmass of root-knot nematode infected 
brinjal plants. It is attributed that In this treatment the toxic 
effect of A. fumigatus killed a good number of infective 
juveniles of root-knot nematode In the rhizosphere while T. 
harzianum parasitized the eggs resulting In very poor 
nematode population. Such Integration would prove better as 
compared to when either of the bioagents used alone. 
Sharma and Haseeb (2006) determined the comparative 
efficacy of chemicals viz, carbofuran and bavlstin each @ 1 mg 
a.l./kg soil, organic amendments viz. Azadirachta indica seed 
powder, A. indica cake each @ 50 mg/kg soil, Murraya l<oenigii 
leaves powder @ 500 mg/kg soil and mint manure, farmyard 
manure each @1500 mg/kg soil, fungal bioagents viz. 
Trichoderma harzianum, T.virens, Paecilomyces lilacinus, 
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Aspergillus niger, and bacterial bio-agent viz. Pseudomonas 
fluorescens each @ 50ml suspension (2x10^ spores/ml) /kg 
soil against Rhizoctonia solan! on Mentha arvensis. All the 
treatments except F.Y.M., significantly improved the plant 
growth and oil yield of the plants as compared to untreated 
uninoculated plants. Analysis of data showed that bavistin was 
most effective in improving growth, oil yield of the plants as 
well as in suppression of disease development, followed by A. 
indica seed powder, A. Indica cake, T. harzianum, P. 
fluorescens and T. virens, respective'y. 
GoswamI et al. (2006) carried out an experiment to 
study the effect of two fungal bioagents along with mustard oil 
cake and root-knot nematode Meloidogyne incognita infecting 
tomato. Bioagents viz., Paecilomyces lilacinus and Trichoderma 
viride alone or in combination with mustard cake and furadan 
promoted plant growth, reduced number of eggs/eggmass. 
The fungus bioagents along with mustard cake and nematicide 
showed least nematode reproduction factor as compared to 
untreated infested soil. 
.Seenivasan (2007) investigated the effect of a plant 
growth promoting rhizobacterium. Pseudomonas fluorescens, 
egg parasitic fungi Paecilomyces lilacinus, neemcake and 
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marigold intercrop in different combinations on M. incognita 
and on tuber yield of Coleus forskohlii. The results revealed 
that Coleus cutting dipped in 0.1 percent Pseudomonas 
fluorescens at planting + soil application of neemcake @ 400 
Kg/ha + growing marigold (Tagetes erecta) as intercrop, 
uprooted and incorporated with soil at the time of earthing up 
(60-70 DAP) reduced the root-knot nematode population by 
72.0 percent and this treatment was at par with cutting dip 
with 0.1 percent P. fluorescens + marigold intercrop which 
reduced the r.ematode population by 69.5 percent. These 
treatments were equally effective in increasing the root tuber 
yield by 22 percent. However, the C:B ratio was higher in P. 
fluorescens + marigold intercrop than others. 
Haseeb et al. (2007) determined the effect of T. 
harzlanum and T. virens (each @ 5xl0^cfu/Kg soil) alone, 
neem seed powder (@ l.Og/Kg soil) alone,carbofuran 
alone(@0.03g/kg) and topsln-M alone (0.00 14g/Kg soil) and 
in Integrated treatment (@ half dose of each additive) against 
Meloldogyne incognita-Sclerotlnia sclerotlorum (@ 2000 
juveniles of M. incognita and 2g fungul mycelium of S. 
sderotiorum/Kg soil) disease complex on Mentha arvensis cv. 
Gomti. The data revealed that all the treatments significantly 
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increased the plant growth and oil yield and reduced the root-
knot Index and percent root infection by S. sclerotiorum as 
compared to untreated inoculated plants. Highest 
improvement in plant fresh and dry weight was found in plants 
treated with T. harzianum + carbofuran followed by T. 
harzianum + neem seed powder, T.virens + topsin-M, 
carbofuran alone, T. harzianum alone, neem seed powder 
alone, topsin-M alone and T. virens alone, respectively. Similar 
trend of improvement in oil yield was also observed in all 
treatments. Lowest root-knot index was found in plants 
treated with T. harzianum+ carbofuran. However, lowest 
percent root infection by S. sclerotiorum was found in T. 
harzianum + topsin-M treated plants. 
Dickson and Mitchell (1985) evaluated Paecilomyces 
lilacinus alone and in combination with ethoprop and 
phenamiphos for management of M. javanica on tobacco. The 
yield of crop was maximum in the treatment where fungus 
was present. Croshier eta/. (1985) observed the effectiveness 
of P. lilacinus in the control of root-knot nematode 
Meloidogyne javanica on tomato. High percentage of egg 
infection was found. Zaki and Maqbool (1996) reported that P. 
lilacinus and V. chlamydosporium (isolates vc- 10 and vc- P) 
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significantly reduced gall formation due to M. javanica on 
chickpea. There was no significant difference between 
blocontrol agents In reducing gall formation. Shoot mass and 
plant height significantly increased in treated plants. 
Khan and EsfahanI (1990) studied the efficacy of P. 
Illacinus for controlling M. javanica on tomato in greenhouse. 
Root galling and eggmass production were greatly reduced. 
The fungus was more effective when both organisms were 
inoculated simultaneously or the fungus preceded the 
nematode In sequential Inoculation. Zaki and Maqbool (1991) 
grew chickpea seedlings m pots Inoculated w/th M. javanica 
alone, simultaneous Inoculation of M, javanica and P. lilacinus, 
Inoculation of M. javanica followed by P. lilacinus after 1 week 
and inoculation with P. lilacinus followed by M. javanica after 
one week. Root-knot indices were greatly reduced by P. 
lilacinus after 60 days, however, the fungus being most 
effective at 2 g/pot one week before Inoculation. Soil 
application of Paecilomyces lilacinus at 3 to 5 % (w/w) on a 
neem cake base was useful In controlling Meloidogyne javanica 
on groundnut cv. GC 2: Seed treatment though not to be 
effective (Patel etal., 1995). 
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Hewlett et al, (1988) evaluated Paecilomyces li/acinus as 
a biocontrol agent of M. javanica on tobacco. The efficacy of P. 
Illacinus alone or in combination with fenamiphos, and 
ethoprops for controlling M. javanica on tobacco cv. NC 2326 
and the ability of the fungus to colonize in soil under field 
conditions were evaluated for 2 years in microplots. 
IMematiddes showed higher yield in both years while reverse 
was true with P. IHacinus. But the fungal population decreased 
two folds. 
Walia et al. (1991) conducted a pot experiment in which 
P. Illacinus cultured on wheat bran (WB) was applied either as 
a soil treatment 10 days before or after sowing at 1 g / kg soil 
(5 X 10^ spores), or as seed treatment (3 x 10^ spores/ seed) 
or in different combination to sandy soil infected with M. 
javanica. Fungus application in general, resulted in better top 
growth of okra. The methods (soil/seed treatment) or time 
(pre/ post sowing) of fungus application were found to be 
equally effective. Wheat bran (WB) alone also promoted shoot 
length and fresh shoot weight to a lesser extent. Root galling 
was significantly reduced in fungus treatments. Application of 
WB alone failed to reduce root galling. The time and method of 
fungus application were at par, as reduction was concerned. 
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WB proved better than carbofuran (1 kg a.i. / ha) in gall 
suppression. 
Ehteshmul-Haque et al. (1995) reported that Vert/cillium 
chlamydosporium was found more tolerant against 
carbendazim, PCNB, benomyl, topsin -M and captan as 
compared to P. lilacinus. VerticHlium chlamydosporium, P. 
lilacinus, benomyl and topsin-M were found more effective 
than carbofuran in the control of M. javanica on okra. 
VerticHlium chlamydosporium and P. lilacinus also significantly 
(P<0.05) reduced the infection of root infecting fungi viz., M. 
phaseolina^ R. solani and F. solani as compared to untreated 
control. Combined use of benomyl with topsin-M was found 
more effective in controlling infection of M. javanica, M. 
phaseolina and F. solani than use of carbofuran with 
fungicides. All the fungicides reduced the efficacy of biocontrol 
agents in controlling root-rot and root-knot infection on okra. 
Perveen and Ghaffar (1998) reported that Paecilomyces 
lilacinus showed complete control of M. javanica infection on 
tomato root in soil containing an inoculum of 2000 eggs/250g 
soil. The efficacy of P. lilacinus declined where the density of F. 
oxysporum increased to 10^ c.f.u/ g and the nematodes were 
4000 eggs/250g soil. Siddiqui et al. (2000) reported that the 
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biocontrol fungus {Paecilomyces lilacinus) and bacterium 
{Pseudomonas aeruginosa) significantly suppressed soil borne 
root-infecting fungi including Macrophomina phaseolina, 
Fusarium oxysporum, Fusarium solani, Rhizoctonia solani and 
Meloidogyne javanica, the root-knot nematode. Paecilomyces 
lilacinus parasitized eggs and female of M. javanica and the 
presence of P. aeruginosa, Pseudomonas aeruginosa was 
reisolated from the inner root tissues of tomato whereas P. 
lilacinus did not colonize tomato roots. 
Two weeks old seedlings cv. Giza-1 treated with 
Trichoderma harzianum, Trichoderma viride, Trichoderma 
koningii, Trichoderma reesei or Trichoderma hamatum gave 
highly significant effect in control of Fusarium rot disease 
incidence and nematodes infection on sunflower roots. 
Infection of F. solani was highly increased in M. javanica 
infested soil than R. renlformls. Treatments of Trichoderma 
species led to decreasing Fusarium cfu counts in soil, infested 
with either M. javanica or R. renlformls and also significantly 
Improved the plant growth parameters. Trichoderma 
hamatum,T. harzianum and T. koningii gave the greatest 
reduction In disease incidence caused by Fusarium, M. 
javanica or R. renlformls Infestation. Generally, there was 
32 
highly significant reduction in the number of Fusarium-\N\\\i 
disease and nematode population and increase in plant growth 
parameters of sunflower, when treated with Trichoderma 
species (Haggag and Amin; 2001). 
Ashraf and Khan (2007) tested the efficacy of 
Gliocladium virens and Talaromyces flavus with and without 
the amendments of oilcakes of castor, groundnut, linseed, 
mahua and neem against M. javan'ica infecting eggplant. All 
the treatments significantly improved the plant growth and 
reduced nematode multiplication and root galling as compared 
to plants inoculated with M. javanica alone. The individual 
treatment of G. wrens was more effective in reducing 
nematode multiplication and improving plant growth than that 
of Talaromyces flavus.The amendment of neem cake with both 
the fungal blocontrol agents was found to be the best 
treatment for managing M. javanica on eggplant. 
Morgan-Jones et al. (1983) observed that V. 
chlamydosporium was capable of preventing egg hatching of 
M. arenaria and colonizing egg by hyphal penetration. Both 
egg shell and juvenile cuticle were found to be disrupted and 
fungal hyphae readily proliferated endogenously within eggs 
and juveniles. 
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MANAGEMENTS BY ORGANIC AMENDMENTS 
Use of plant residues and organic amendment lias been 
recognized as an effective way of achieving substantial 
population reduction of plant-pathogenic life forms like fungi, 
bacteria, nematodes etc. (Patrick and Toussoun, 1965). Plant 
residues or organic amendments have been reported to check 
the population of the pathogens through a variety of 
mechanisms (Patrick and Toussoun, 1965; Sayre eta/., 1964; 
Cook, 1977; Sitaramaiah, 1990).Leaves of neem {Azadirachta 
spp.) and products provide nematicidal and other pesticidal 
activity. There are indications that quite often during the 
decomposition process of one or other kind of organic 
materials an Identical mechanism may operate, leading to 
population reduction of the pathogenic organisms. Schippers 
and Palm (1973) Identified ammonia and its fungistatic role in 
chltin amended soil. Similarly there are reports in the 
literature about the enhanced activity of antagonistic fungi due 
to soil amendments by various organic material which 
hampers the infection process of pathogenic fungi, nematodes 
etc. The literature on this aspect has been reviewed by Jatala 
(1985) and Sitaramlah (1990). 
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The oilcakes of neem, groundnut, mustard, castor and 
sesamum have been found effective to reduce the root-knot 
nematode population in tomato, okra, brinjal and sugarbeet. 
(Khan ef a/., 1966, 1967). Khan et ai (1969) confirmed that 
suppression of plant parasitic nematode population could be 
achieved with oil cakes of margosa, mahua and castor. Paruthi 
et a/. (1987) pointed out that there was significant 
improvement in plant growth characters and reduction in 
number of galls and eggmasses, when su-babool leaves were 
supplemented with carbofuran. 
Bhattacharya and Goswami (1988) studied the effect of 
oilcakes alone and in combination with aldicarb on A/, incognita 
infecting tomato. Alam (1989) reported that soil amendment 
with chopped plant parts of water hyacinth effectively 
controlled A/, incognita and R. reniformis attacking brinjal and 
tomato and improved plant growth. Mahanta and Phukan 
(1992) recorded that poultry manure at 2000 Kg/ha gave the 
most effective control of M. incognita and increased yield of 
black gram (Vigna mungo var. Tg). Neem and mustard cakes 
were also effective. 
Agro-wastes of some harvested crops viz., marigold, 
mustard and sunflower showed highly significant inhibitory 
35 
effect on development of root-knot nematodes and population 
of other plant parasitic nematodes. Mangold plant residues 
were more effective followed by mustard and sunflower. 
Moreover, the increasing doses showed better results. (Akhtar 
and Alam., 1990). Hazarika (1990) tested castor, neem and 
miistard cakes against M, incognita in brinjai crop. Neem cake 
was found effective to increase plant growth and yield by 
decreasing root-galling and nematode population. 
Goswami and Vijayalakshmi (1986) applied dried 
materials of Argemone mexicana, Eucalyptus globorus, Datura 
metel, Phyllanthus niruri and oil cakes of Callophyllum 
inophyllum, Madhuca indica, and Shorea robusta @ 1,2 and 
3% w/w against M. incognita infecting tomato and observed 
significant reduction in root-knot galls. 
Akhtar and Mahmood (1994) examined that bare root dip 
treatment of chilli {Capsicum annum) seedling with extracts of 
decomposed and undecomposed oil cakes and leaves of neem 
and castor (Ricinus communis) provided protection against 
root-knot disease caused by M. incognita. A curative effect 
were also noted when roots of pre-infected seedlings were 
given a similar treatment. Suppression of root-development 
was greater in pre-infected (therapeutic use) seedlings than in 
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those inoculated after dip treatment (prophylactic use). 
Extracts of decomposed materials were effective than those of 
undecomposed ones. Moreover, oil cakes and neem were more 
effective than leaves and castor. 
Odour-owino and Waudo (1995) examined the effect of 
captafol, aldicarb, chicken manure and intercropping of tomato 
with Tagetes minuta, Datura stramonium and Ricinus 
communis on parasitism of root-knot nematode eggs by fungi. 
He examined the captafol inhibited egg parasitism, whereas 
organic matter and mixed cropping treatment stimulated it. 
Chicken manure was most effective In enhancing egg 
parasitism. Low gall ratings and less number of juveniles were 
obtained from soils treated with aldicarb, organic matter or 
planted with T. minuta, D. stramonium or R. communis. 
Chicken manure showed greater stimulatory effect on plant 
growth as compared to organic matter from nematicidal 
plants. 
Abadlr et al. (1996) recorded that addition of dried 
chopped portions of Egyptian clover (Trifolium alexandrinum), 
rice {oryza sativa), marigold {Tagetes erecta), tlievita 
(Thevetia nerifolia) and wheat (Triticum aestivum) @ 0.5, 1.0 
and 1.5% w/w reduced the number of eggmasses and galls of 
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Meloidogyne incognita on roots of sunflower. Tagetes erecta 
and T. nerifolia were most effective amendments. Better plant 
growth was observed where either T. nerifolia or T. 
alexandrinum was used. Use of 0. sativa or T. aestivum at 
higher doses was phytotoxic. 
Ramakrlshnan et a/. (1997) recorded that Me/ia 
azedarach (80g/pot) reduced maximum shoot length, fresh 
shoot weight and pod yield of okra, infected with M. incognita. 
The highest reduction In root-knot Index and nematode 
population was recorded with M. azedarch, followed by 
Azadirachta indica leaves (80g/pot). Azadiractita indica also 
gave maximum dry shoot weight. Ramakrlshnan et al. (1997) 
observed that maximum shoot length, fresh and dry shoot 
weight, root length, fresh and dry root weight and pod yield of 
okra cv. Pusa Sawani, were recorded with the addition of neem 
{Azadirachta indica) cake at 13.5g/pot, followed by mustard 
cake at the same rate. Maximum reduction in number of M. 
incognita females, number of eggmasses, number of eggs per 
eggmass and soil nematode population were also recorded in 
soil amended with neem. Ramakrlshnan et al. (1999) found 
that cassava leaf and triber rind applied as soil amendments @ 
100 or 50g/pot significantly reduced M. incognita population, 
38 
and improved plant growth parameters of okra in pot 
experiments. 
Umar and Jada (2000) recorded that a mixture of Parkia 
biglobora seed extract and goat manure @ 30 g/4.5 l<g soil 
inhibited the growth and development of M. incognita In pot 
tests. Mixture of these amendments also supplied nutrients to 
the soil, which enhanced growth of tomato. Randhawa et al. 
(2002) conducted an invitro studies on larval emergence from 
eggs of A7. incognita revealed inhibitory effect of neem cake 
and Rakshak gold (neem based product). Plant growth was 
Increased along with significant reduction In root-knot 
infestation in pot experiments when seed was treated with 
botanical extracts.In field experiment, application of neem 
cake @ 5 t/ha decreased root-knot Infestation significantly and 
increased okra yield. 
Neem cake @ 2% (w/w) were effective in reducing the 
population of Meloidogyne incognita as well as Increasing 
growth parameters of Japanese mint {Mentlia arvensis) cv. 
Shivalik thereby, reducing number of galls on root and 
population densities of A/, incognita (Singh and Kumar; 2000). 
Jayakumar et ai. (2004) studied chitinous waste material such 
as crabshell, prawn wastes and fishmeal each at lOg/pot were 
39 
tested against root-knot nematode (M. incognita) infested 
tomato crop. Plant growth parameter such as shoot length, 
shoot weight and root weight and root weight significantly 
Increased by 45.07, 25.05 and 45.16% respectively, over the 
uninoculated control in plant treated with prawn wastes. Prawn 
shell showed a maximum decrease In root-knot disease 
incidence compared to the control, followed by crabshell and 
fishmeal. 
Ahmad and Choudhary (2004) used four organic 
amendments viz., sawdust, poultry manure, mustard cake and 
neemcake to manage root-knot nematode Meioidogyne 
Incognita in frenchbean. Poultry manure applied as spot 
application was found to be effective in increasing plant growth 
characters where as neem cake, as spot application, was found 
effective in reducing gall, gall masses and soil population of M. 
Incognita. Spot application of all the organic amendment was 
comparatively better than furrow application in reducing 
nematode population and increasing yield. 
Rao et al. (1997) recorded that neem cake (Azadirachta 
indica) and a blocontrol fungus, T. harzianum were evaluated 
either singly or combination for the management of M. 
incognita on tomato. Significant increase in plant growth and 
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reduction in root galling and final population of M. incognita 
were observed in tomato seedlings transplanted neem cake 
amended soil incorporated with T. harzianum. Increase in 
combination of T. harzianum on roots of tomato was also 
observed in the above treatments which indicated favourable 
effects of neem cake amendment on the growth of T. 
harzianum. 
Gopinatha et a/. (2002) evaluated the efficacy of 
biocontrol agent Verticillium chlamydosporium Goddard, neem 
cake, marigold and carbofuran against root-knot nematode M. 
incognita on tomato were tested by applying individually and 
in combinations. Among treatments all components 
individually recorded maximum plant growth and minimum 
galls and eggmasses and the variation among treatment was 
not significant. But in combinations, V. chlamydosporium + 
carbofuran, marigold + carbofuran, V. chlamydosporium + 
marigold recorded maximum plant growth and minimum galls 
and eggmasses, which were statistically on par. These 
treatments also recorded maximum number of fruits per plant 
and yield per plot. Maximum parasitisation of V. 
Chlamydosporium was recorded when carbofuran was 
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integrated compared to its individual application or in 
combination with neemcake. 
The addition of organic matter to soil such as oil seed 
cake of neem {Azadirachta indica), castor {Ricinus communis), 
groundnut (Arachis hypogaea), linseed {Linum usitatissimum), 
sunflower (Heffanthus annus) and soybean {Glycine max) were 
found to be highly effective in reducing the multiplication of 
soil nematodes and subsequently increased plant growth. The 
multiplication rate of nematodes was less in the presence of P. 
lilacinus as compared to the absence of P. lilacinus. Most 
effective combination of P. iilacinus was with neemcake, under 
field conditions. (Tiyagi and Ajaz., 2004) 
Sharma et al. (2006) reported that organic materials such 
as neem oil smearing ( 1 % w/w) of seed and soil amendment 
with Datura stramonium and Caiotropis procera leaves 5% 
contained alkaloids) like scopolamine/Hyocin) alone and in 
combination with kalisena (a commercial formulation of 
Aspergillus niger) bioagent and biofertilizer, AN 27 SD egg 
parasitic and toxic producing facultative fungi and Trichoderma 
harzianum as okra seed treatment ( 1 % w/w) against M. 
incognita showed that Caiotropis sp. and neem oil alone 
mitigated root knot galls by 62%. In combined application, 
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reduction in nematode multiplication was not enfiance than the 
alone treatments. Neem oil, T. harzianum and Calotropis in 
combined application affected maximum galling by over 58%. 
While kalisena in the same combination was not so effected in 
reducing the number of galls. Plant growth of okra such as 
shoot length, root and shoot weight was improved in treated 
soil. 
Haseeb et al. (2007) evaluated the efficacy of chemicals 
(carbofuran @ 1 mg a.i./Kg soil, bavistin @ 1 mg a.i/Kg soil, 
botanicals {Azadirachta indica seed powder @ 50 mg/Kg soil, 
Murraya koenigii leaves powder @ 150 mg/Kg soil and 
bioagents {Trichoderma virens @ 50 ml (10^ cfu/ml)/Kg soil, 
Pseudomonas fluorescens @ 50ml(2xl0^ cfu/ml) kg soil 
against root-knot nematode, M. incognita (2500 yKg soil), 
wilt fungus, Fusarium oxysporum (2.5 ml spore suspension 
having 10^ cfu/ml) disease complex of Pisum sativum cv. 
Rachna. All the treatments significantly improved the growth 
of plants compared to untreated uninoculated plants. 
Saikia et al. (2007) studied the effect of organic 
amendments viz., neemcake, vermicompost, neem seed 
kernel, sawdust and carbofuran 3G against root-knot 
nematode, Meloldogyne incognita in brinjal under field 
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condition by applying individually and in combinations. All the 
treatments showed significant effect on plant growth 
parameters and yield of brlnjal with corresponding decrease in 
the nematode populations both in soil and roots. Among all the 
treatments, the treatment with neemcake+carbofuran 3G 
showed superior over control In respect of plant growth 
parameters and yield of brlnjal and decrease in nematode 
multiplication. 
Srivastava et al. (1971) found that sawdust 1088.44 
kg/ha and neem cake 486 kg per acre were most effective in 
reducing gall formation in the trial with neem and castor 
against M. javanica in brinjal and tomato. Akhtar and Alam 
(1990) observed that agro-wastes of some harvested crop 
viz., marigold, mustard and sunflower showed highly 
significant inhibitory effect on development of root-knot 
nematodes and population of other plant parasitic 
nematodes.Marigold plant residues were more effective 
followed by mustard and sunflower. Moreover, the increasing 
doses showed better results. 
The effects of leaf powders of C. inerme, C. roseus and 
A. pinnata at 25g/m row in control of Meloidogyne javanica 
and M. incognita in okra. All plant products significantly 
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reduced root-knot index (Patel et al. (1994). Malik et al. 
(1996) observed that green azolla enlnanced plant growth of 
aubergines and suppressed root galling caused by M javanica. 
A better response in reducing galls and Improving plant growth 
were observed with dry azolla compared to the azolla extract. 
Zanna et al. (2003) found that Su-baboo) leaves (Leucaena 
leucocephale (Lam.), Calotropis procera, Datura fastuosa and 
neem leaves degraded for four weeks, resulted in minimum 
galling of Meloidogyne javanica and better growth characters 
of okra and aubergine. 
Joshi and Patel (1995) revealed that all plant products 
viz; {Azolla pinnata R.Br), powder dry leaves of pink and white 
flower periwinkles (Catharanthus roseus L) and vilayti mendi 
{Clerodendron Inerme L) and cakes viz; castor, karanj, 
mahua, mustard, neem and piludi fresh and dry azolla, FYM 
and Poulty manure showed improved growth of the crop and 
also reduced nematode population in comparison to control 
Treatment with 'Azolla' was the best as compared to all the 
other amendments. Higher dose of 3000 kg/ha was more 
effective than the lower dosages tried. 
Mehta et al. (1995) observed that oil cakes of neem, 
mustard, cotton, and oatmeal when mixed with autoclaved 
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sandy soil (3 % w/w) improved plant growth of tomato. 
Mustard cake amendment resulted in maximum plant weight 
compared to rest of the amendments irrespective of 
Rhizoctonia bataticola. Neem cake proved least effective. Oil 
cakes reduced the nematode population whereas oatmeal 
increased it. The number of galls were least in mustard cake 
amendment. R. bataticola disease was decreased in all 
amended soils except In simultaneous inoculation of nematode 
and fungus to neem and mustard amended soil, whereas R. 
solani was decreased only in cotton seed cake and oat meal 
amended soil. 
Ahmad et al. (2007) revealed that chopped neem leaves 
when applied in combination with NPK, compost, phorate and 
carbofuran were found effective in reducing root-knot 
infestation. These treatment also resulted in significant 
Increase in plant growth parameters. But combined application 
of chopped neem leaves with NPK + compost + phorate + 
carbofuran were found more effective in promoting plant 
growth parameters and reducing root-knot infestation. 
MANAGEMENT BY BIOFERTILIZERS 
Plant growth promoters rhizobacteria, PGPR plays an 
important role In maintaining crop growth and yield. These 
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PGPR has symbiont or non-symbiont association witli iiost of 
which non-symbiont has greater role to play a part in the 
agro-ecosystem. Adequate availability and constant 
replenishment of inorganic micro/macro nutrients influence 
plant health despite having biotic stress. Availability of 
nutrients largely governed by presence of microflora, which 
boost up the plant health and are recognized as plant growth 
promoting bacteria (Kloppereta/., 1980). 
Plant growth promoter microbes help plant by mobilizing 
nutrient, iron chelating properties of siderophore that deprive 
deleterious microbes for iron thereupon and subsequently 
hampering cyanide production causing damage to plant health. 
(Klopperand Schroth, 1981). 
Chahal and Chahal (1986) after conducting /nwtro 
experiments, studied the effect of Azotobacter chrococcum on 
the control of infection by M. incognita on brinjal {Solanum 
melongena L.). They reported significant reduction in the gall 
formation, soil population and root population. The count of A. 
chrococcum decreased at the end of experiment. Sharma and 
Chahal (1987) studied the antagonistic effect of Azotobacter 
strains on some plant pathogenic strains. Ramakrishnan et at. 
(1996) examined the effect of bio-fertilizers, viz. Azolla and 
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Azospirillum on root-knot nematode, Meloidogyne incognita. 
He revealed that okra plants treated with dry Azolla (3%) 
exhibited enhanced shoot length, fresh and dry weight of 
shoot and root and pod yield and also recorded maximum 
reduction in number of adult females, egg masses, eggs per 
egg mass and nematode population in soil. In general all the 
treatment having biofertilizers reducing root-knot nematode 
and increasing plant growth of okra. Chahal and Chahal 
(1988) conducted in vivo and in vitro tests that Azotobacter 
chrococcum inhibited the hatching of eggmasses of 
Meloidogyne incognita and did not allow the larvae to 
penetrate Into the roots of brinjal to fornri galls. 
Bansal and Verma (2002) examined the effect of 
Azotobacter ciirococcum inoculation on root invasion and 
reproductive potential of Meloidogyne j'avanica. The results 
indicated that A. chrococcum affected their development and 
multiplication in the host plant. Azotobacter inoculation was 
partially responsible for increased plant growth in brinjal by 
alleviating, to some extent, the damaging effect of root-knot 
nematode. Sharma et al. (2003) conducted experiments to 
Investigate the effect of plant growth promoting microbes 
(Azotobacter chrococcum, Azospirillum Sp.) and VAM (Glomus 
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mosseae) on root-knot nematodes {M.incognita). The microbes 
were applied in top soil @ 10^ spores/g soil (bacteria) and 1 
chlamydospore/3g soil (VAM) alone and in combination with 
phorate @ l&2kg a.l./ha in 6" earthen pots having M. 
incognita with ZjVg soil as initial inoculum. The maximum 
reduction in number of galls was obtained with VAM treated 
plants followed by Azotobacter and Azospirillum 
alone.Combined application of phorate and microbes increased 
the root-knot galling. The Azotobacter with phorate @ 1 Kg 
a.i./ha showed higher galling than the alone treatment while 
Azospirillum and VAM with phorate @ IKg a.i./ha showed little 
difference. Where as, Azospirillum and VAM with phorate @ 2. 
Kg a.i./ha effect was lessened in contrast to Azotobacter. 
Reproduction factor was observed in the range of 1.4-13 in 
various treatments of Azospirillum with phorate / Kg/ha alone 
and Azospirillum with phorate (@ 2Kg a.i./ha) respectively as 
compared to 10 in check treatment. The improvement was 
about 20% and highest growth was recorded with Azotobacter 
along with phorate @ 2 kg a.i./ha. 
MANAGEMENT BY CHEMICAL METHODS 
Chemicals have been considered as by far the most 
effective and efficient means of managing the pathogenic 
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population of fungi, bacteria, nematodes etc. Chemicals such 
as nematicides, fungicides and herbicides have been 
formulated and are being successfully used against their 
respective targets (Van Gundy and Mc Kenry, 1977; Dekker, 
1977; Wright, 1981). Soil fumigants have been used singly or 
in combination against pathogens Involved fn complex 
diseases. Usually combination of fumigants have been found to 
have chemical compatibility coupled with toxicity against soil 
biota like insect pests, fungi and weeds capable of causing 
sustainable damage. 
Reddy (1975) examined that spot and row application of 
aldicarb 10 G, fenusulphathion 5G or carbofuran 3G increased 
the yield of tobacco infested with M. Incognita. Davide (1979) 
observed the efficacy of aldicarb 10 G, mocap 10 G, furadon 
3G, vydate, nallite and nemagon 20 G on tomato against M. 
incognita and vydate was found to be most effective. 
Reddy (1983) tested aldicarb, carbofuran, phorate and 
aminophos to the control of M. incognita in tomato nursery 
and found aldicarb and carbofuran were effective to control the 
nematode population. Pandey and Trivedi (1990) tested three 
systemic chemicals, viz. Vegfru Foratox 10 G, Vegfru Diafuran 
3 G and Rubby 10 G at preinoculation stage to control M. 
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incognita infestation. All the chemicals in every dose could 
control disease occurence and further multiplication of 
pathogen to varying degrees, best results were observed with 
application of Rugby lOG (0.7 Kg a.i./acre), followed by 
Diafuran 3G (1.2 Kg a.i./acre), Rugby 10 G (0.5 Kg a.i/acre). 
Reduction of root-l<not index from 6.91-3.19 was observed 
when plants were treated by Rugby lOG. Final soil population 
and reproduction factor was also reduced from 2810 and 2.81 
in control to 1068 and 1.06 in pots treated with Rugby lOG. 
Goswami and Meshram (1991) observed that mustard 
and Karanj oil seed cakes reduced root penetration of 
Meloidogyne incognita by almost 50% compared with 
untreated control and were as effective as the carbofuran 
treatment, plant growth was also increased in all the three 
treatment. Zaki and l^aqbool (1995) observed that the use of 
nematlcides viz; Rugby, Tenekil and Furadan significantly 
reduced root-knot infestation on tomato plants. Maximum 
reduction in gall formation was produced where Rugby was 
used @ 0.03/Kg followed by Rugby @ 0.02g, Tenekil @ 0.0181 
and Furadan @ 0.12 g/Kg soil. Greater increase in fresh weight 
of shoot was observed where Rugby was used @ 0.03 or 
0.02g/Kg soil. 
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Viyas et a/. (1996) examined the effect of two 
nematlcides phenamlphos and carbofuran and a parasitic 
fungus, P. lilacinus were tested alone and in combinations for 
management of root-knot nematodes on chickpea. The result 
showed significant differences due to various treatments for 
fresh shoot weight, root-knot index and grain yield. 
Phenamiphos @ IKg ha'^  was found most effective followed by 
P. lilacinus @ I t ha'^ based on neemcake treatment. However, 
integration of nematicide and biocontrol agent did not show 
any additive effect. 
Mittal and Siyanand (1997) used N, P, and K to observe 
the infestation of root-knot nematode. Optimum dose of N, P, 
K was also recommended by them to minimize the root-knot 
nematode infestation. Stephan et al. (1998) found that 
cadusafos (rugby) almost totally suppressed nematode gall 
rating (1.3 and 1.8) producing a higher yield of tomato and 
eggplant followed by ethoprophos (mocap), T. harzianum, P. 
lilacinus and Acremonium butyri. Maximum nematode gall 
rating (5 on both hosts) were observed in control with the 
lowest yield in tomato. 
Singh and Goswami (2001) showed the effect of root-
knot nematode and wilt fungus Fusarium oxysporum on 
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cowpea by neem cake and chemical pesticide carbofuran. They 
showed synergetic effect of neem cake and carbofuran on 
reduction of root-knot nematode infection. Adekunle and 
Fawole (2002) evaluated chemical and non-chemical pesticides 
to manage root-knot nematode Mefoidogyne incognita under 
field condition. They emphasized the use of both pesticide in 
combination for maximum reduction of losses due to root-knot 
nematode. 
Akhtar and Farzana (1993) used aidicarb, carbendazim, 
carbofuran, ethoprophos and ebufos @ 4 kg a.l./ha and 
oilcakes of linseed, mustard and neem @ 1 g N/Kg soil for the 
management of M. incognita parasitizing Traciiyspermum 
ammi (L.). In general, all the treatment were able to reduce 
the root-knot development and nematode population and to 
increase the plant fresh and dry weight. The best result in 
term of reduction in root-knot index and improvement In plant 
growth was achieved by treating plants with ethoprophos 
followed by carbofuran , neem cake, carbendazim, ebufos, 
mustard and linseed cake. 
Mishra et al. (2003) evaluated biopesticides (Neem seed 
powder, latex of Calotropis procera and neemark), chemical 
(dimethoate, triazophos, chlorophyrlphos and carbofuran) and 
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biogents {Paecilomyces lilacinus, Aspergillus niger, 
Trichoderma viride) against pk.nt parasitic nematodes 
associated with chickpea effectively controlled the root-knot 
nematode infestation as experienced from the observation 
recorded at the harvest of the crop on population buildup of 
nematodes, plant growth parameters and grain yield of 
chickpea. Seed treatment with carbofuran @ 2% w/w was 
found equally effective as soil application of neem seed powder 
but plant growth parameters were better under neem seed 
powder treatment. T. viride could reduced the nematode 
population to almost the same extent as observed in other 
bioagents. Seed treatment with dimethoate @ 1% was found 
to be least effective in controlling root-knot nematode as 
compared with other treatment. 
Kheir et al. (1983) observed the efficacy of aldicarb, 
carbofuran, ethoprop, fensulfothion, miral and oxamyl in 
controlling the root-knot nematode, M. javanica on okra. All 
nematicides tested to reduce nematode population. Miral 
showed the highest percentage of reduction, while carbofuran 
achieved the lowest one. All chemically treated plants grew 
better than untreated plants. In general all nematicides used 
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in this study minimized the root-gall index values of treated 
plants to a great extent. 
Stephan (1995) examined that nematicides and horse 
manure significantly increased the yield and reduced the 
infection of M.javanica on tomato and eggplant. Cadusafos 
(6g/m^), liquid fenamiphos (5cc/m^) and d'chlofenthion 
(20g/m^) were the most effective, followed by horse manure. 
Oxamyl and carbofuran, at concentrations of 3cc/l water and 
15 g/m^, respectively provided some nematode control and 
increased yields. 
Jain and Gupta (1992) tested tomato plants with 
carbofuran, fenamiphos diazinon, phorate or ethoprophos and 
aubergine plants were treated with fenamiphos, triazophos, 
carbofuran, isofenaphos, Calotropis procera or Ricinus 
communis leaves for control of M. javanica. Tomatoes and 
auberginas treated with fenamiphos at 0.6 and 0.4 g/m^ resp. 
had the lowest number of root galls. y^;»^^'''''^ ^^^-^ ^ 'f^.^* 
Ifcf^'i^ i 
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The different materials to be used and tlie metlnods to be 
employed during ttie course of proposed experimental 
programme. In the present study, the most widely occurring 
and economically important pathogens i.e. root-knot nematode 
(Meloidogyne javanica) and root- rot fungus (Macrophomina 
phaseolina) on an important ornamental host plant, balsam 
(Impatiens balsamina) were used. 
PREPARATION AND STERILIZATION OF SOIL MIXTURE. 
Sandy loam soil collected from a fallow field of A. M. U 
Campus was sieved through 16 mesh sieve and mixed with 
sieved river sand and organic manure In the ratio of 3:1:1, 
respectively. Through out the course of studies, 6 inch earthen 
pots were f\\\e6 with the soil mixture at the rate of 1 kg/pot. A 
little amount of water was poured m each pot to just wet the 
soil before transferring to an autoclave for sterilization at 20 lb 
pressure for 20 minutes. Sterilized pots were allowed to cool 
down at room temperature before use for experiment. 
RAISING AND MAINTENANCE OF TEST PLANTS 
Seeds of balsam were surface sterilized with 0 .1% 
mercuric chloride (HgCb) for 2 minutes and washed thrice in 
sterilized distilled water. The seeds were then sown in 12 inch 
earthen pots for raising the seedlings. Two weeks old well 
established and healthy seedling were transplanted into each 
pot containing 1kg of sterilized soil. Two days after 
transplanting, seedlings were subjected to the treatment. 
Untreated uninocutated plants served as control. The pots 
were arranged in a factorial block design and each treatment 
was replicated 3 times. Plants were watered as and when 
required and the experiment was terminated 60 days after 
inoculation. 
RAISING AND PREPARATION OF NEMATODE INOCULUM 
The pure culture of Meloldogyne javanica was raised on 
brinjal plants, using a single eggmass collected from infected 
plant of balsam. The eggmass was surface sterilized by 
treating it with 1:500 aqueous solution of chlorox (Calcium 
hypochlorite ) for 5 minutes and then washed thrice in 
sterilized distilled water. The eggs in the eggmass were 
allowed to hatchout at 28 ±2°C under aseptic conditions on a 
sieve layered with tissue paper. The sieve was placed over a 
Petridish (10cm In diameter) containing distilled water. 
Seedlings of brinjal grown In 12 inch clay pots, containing 
sterilized soil was inoculated with the second stage juveniles 
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(J2) so obtained. Nematodes were extracted from the soil after 
two months, according to Cobb's decanting and sieving 
method followed by Baermann funnel technique (Southey, 
1986). Nematodes so obtained were used for inoculating fresh 
brinjal seedlings growing in 12" clay pots containing sterilized 
soil. Second stage larvae of root knot nematode infect the 
roots and multiplied. 
After 2-3 months, the eggmasses from heavily infected 
roots of brinjal on which pure culture of Meliodogyne javanica 
maintained were hand picked with the help of sterilized 
foreceps. These eggmasses after being washed in distilled 
water were placed in sieve with a layer of double tissue paper. 
Later the sieve was placed in Petridish containing water just 
touching its lower portion. A series of such assemblies were 
kept to get required number of second stage juveniles for 
inoculation. After every 24 hours the hatched out larvae were 
collected along with water from the Petridish in a beaker and 
fresh water added to the Petridishes. 
The water suspension of root-knot nematode was 
thoroughly stirred for making homogenous distribution of 
nematodes before taking 2ml of suspension in the counting 
dish. The counting of nematodes were done with the help of 
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stereoscopic microscope. An average of five counts were taken 
to determine the density of nematodes in tlie suspension. 
Volume of water in tine nematode suspension was so adjusted 
that each ml contained about 100 nematodes, which was done 
by either adding more water or decanting the excess amount 
of water so that 10ml for this suspension contained 1000 
second stage juveniles of root-knot nematode. 
ISOLATION OF TEST FUNGUS FROM ROOTS OF BALSAM 
Balsam plant showing distinct galls and also exhibiting 
root-rot symptom was collected in polythene bags. Serial 
washing techniques were employed to isolate fungus from 
infected roots. Roots were transferred to a sterilized dish 
containing sterile distilled water and gently freed of soil 
particles. The process was repeated till all the soil particles 
were removed. The roots were cut into small pieces of about 
approximately 5mm and transferred to Petridishes containing 
0 . 1 % mercuric chloride. After one minute, root pieces were 
washed at least three times in distilled water and dried on 
filter paper. Five of these root pieces were then placed in each 
of 10 Petridishes containing potato dextrose agar (PDA) have 
following composition. 
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Peeled potato 200 g 
Dextrose 20 g 
Agar-Agar 20 g 
Distilled water 1000 ml 
Petridishes were Incubated at 28 ±2°C for 10 days. The 
fungi which developed on root segments were examined and 
identified. After confirmation of fungus identity as 
Macrophomina phaseolina its pure culture was prepared and 
maintained. 
RAISING AND MAINTENANCE OF FUNGUS CULTURES 
The isolated fungi viz., Macrophomina phaseolina, 
Paecilomyces lilaa'nus, Trichoderma harzianum, Trichoderma 
virens (Gliocladium virens) and Talaromyces flavus were 
separately raised on Richard's medium having the following 
composition. 
Potassium nitrate - 100.00 g 
Potassium dihydrogen phosphate - 5.00 g 
Magnesium sulphate - 2.50 g 
Ferric chloride - 0.02 g 
Sucrose - 50.00 g 
Distilled water - 1000ml 
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The medium was prepared and sterilized in an autoclave at 
15 lb pressure for 15 minutes in 250 ml Erienmeyer flasks, 
each flask containing about 80 ml of Richard's medium. 
Small bits of the mycelium of each fungus were transferred to 
the conical flasks. Inoculated flasks were incubated at 28±2°C 
for about 15 days to allow growth of respective fungi. The pure 
culture of these fungi was continuously maintained on PDA 
contained in the test tubes by re-inoculation of the fungus 
after every 15 days. 
PREPARATION OF FUNGAL INOCULUM 
After incubating the conical flasks for about 15 days, the 
liquid medium was filtered through whatman filter paper No. l , 
the mycelial mat was washed in distilled water to remove the 
traces of medium and gently pressed between the folds at 
blotting paper to remove the excess amount of water. 
Inoculum was prepared by mixing 10 g fungal mycelium in 100 
ml of sterilized distilled water and blending it for 30 seconds in 
a waring blender. Thus each 10ml of this suspension contained 
1.0 g of the fungus. 
INOCULATION TECHNIQUES 
Feeder roots of balsam seedlings, just before inoculations 
were exposed by carefully removing the top layer of soil and 
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the required quantity of nematode suspension and fungus 
inoculum was poured uniformly all around the exposed roots 
using sterilized pipette. Exposed roots were immediately 
covered by soil properly. Untreated and uninoculated plants 
served as control. Each treatment was replicated three times 
and suitably randomized on a glass house bench. Plants were 
watered as and when required and terminated after 60 days 
of inoculation. 
EFFICACY OF ORGANIC AMENDMENT FOR THE 
MANAGEMENT OF ROOT-ROT AND ROOT-KNOT DISEASE 
COMPLEX OF BALSAM. 
Chopped fruits of gulmohar ( Delonix regia), amaltaas {Cassia 
fistula), Yellow oleander {Thevetia peruviana), seeds of mango 
{Mangifera indica), pericarp of banana {Musa paradisiaca), and 
leaves of acacia {Acacia nilotica), aak {Calotropis procera), 
marigold {Tagetes erecta), akhrot {Juglans regia) and neem 
{Azadiraciita indica),vjevQ grounded in a grinder to make Into 
a fine powder. These organic materials separately mixed with 
soil@20g/kg soil. The pots were watered after treatment to 
ensure proper decomposition of organic matter. After two 
week of waiting period, two week old seedlings of balsam were 
transplanted In these pots. Next day, these seedlings were 
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simultaneously inoculated with 1000 freshly hatched second 
stage juveniles of M. javanica and Ig mycelium of 
Macrophomina phaseolina. Untreated and uninoculated plants 
served as control. 
MANAGEMENT OF ROOT-ROT AND ROOT-KNOT DISEASE 
COMPLEX OF BALSAM BY USING BIOAGENTS, 
BIOFERTILIZERS AND PESTICIDES 
Bioagents (Paecilomyces lilacinus, Trichoderma harzianum, 
Trichoderma virens (Gliocladium virens), Trichoderma viride 
and Talaromyces flavus, isolated from the soil ) and 
commercial formulation of biofertilizers {Azotobacter 
chrococcum, Azospirillum brasilense, AM fungus (Glomus 
fasciculatum) and Microphos obtained from division of 
Microbiology lARI, New Delhi) for the management of root-rot 
and root-knot disease complex of balsam, these bioagents and 
biofertilizers were thoroughly mixed with the soil separately @ 
Ig and 20g per kg soil, respectively. 
Similarly to determine the efficacy of carbofuran and 
bavistin for the management of root-rot and root-knot disease 
complex of balsam. The soil were treated with carbofuran and 
bavistin @2mg a.i. per kg soil. There after, two week old 
seedlings were transplanted in these pots. After 24 hours, 
these seedlings were concomitantly inoculated with 1000 
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freshly hatched second stage juveniles of M. javanica and Ig 
fungal suspension of M. phaseolina. Untreated and 
uninoculated plants served as control. 
RECORDING OF OBSERVATION 
PLANT GROWTH DETERMINATION 
Plants were uprooted after 60 days of inoculation and roots 
were washed thoroughly in slow running tap water. Utmost 
care was taken to avoid loss and injury of root system during 
the entire operation. For measuring length and dry weight, the 
plants were cut with a sharp knife just above the base of root 
emergence. Length of shoot and root was recorded in 
centimeters from the cut end to the tip of first leaf and the 
longest root respectively. For measuring dry weight, the shoot 
and root were kept in envelops separately for drying in an 
oven running at 80°c for 24 hours and the weight was 
recorded In grams. For Interpretation of results, the reduction 
in plant growth was calculated in terms of percentage dry 
weight reduction. 
ROOT-KNOT AND ROOT-ROT ESTIMATION 
The galls produced by root-knot nematode {Meloidogyne 
javanica) were estimated by counting the number of galls per 
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root system. The percentage of rotting per root-system was 
also determined. 
NEMATODE POPULATION ESTIMATION 
For extraction of nematodes, tlie soil from the pot of each 
treatment was mixed thoroughly and a sub-sample of 200gm 
soil was processed through sieves according to Cobb's 
decanting and sieving method followed by Baermann funnel 
technique. The nematode suspension was collected in a beaker 
and volume made up to 100ml. For proper distribution of 
nematodes, the suspension was bubbled with the help of 
pipette and 2ml suspension from each sample was drawn and 
transferred to a counting dish. The number of nematode were 
counted in three replicates for each sample. Mean of three 
such countings was calculated and the final population of 
nematodes per kg soil was determined. 
To estimate the nematode population in roots, l.Og root 
from each replicate was macerated with enough water in an 
electrically operated waring blender for about 30 to 40 
seconds. The macerate was collected in a beaker and the 
volume was made upto 100ml. The nematode population was 
calculated as described above. Reproduction factor (R) of root 
knot nematode was calculated by the formula R=pf/pi 
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where"Pf" represented the final and "Pi" initial population of 
the nematode. 
STATISTICAL ANALYSIS 
The data obtained were analyzed statistically and 
significance was calculated at P= 0.05 and P=0.01 levels of 
probability. 
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The data presented in table 1.1 revealed that the 
concomitant inoculation of balsam seedlings with Meloidogyne 
javanica and Macrophomina phaseolina caused significant 
reduction in plant growth characters viz., plant length, dry 
weight and number of flowers as compared to untreated-
uninoculated plants. The individual application of biocontrol 
agents y\z.,Trichoderma harzianum, Trichoderma viride and 
Gliocladium virens showed significant increase in plant growth 
parameters as compared to control. However, the plants 
inoculated with Paecilomyces lilacinus and Talaromyces flavus 
did not significantly affect the plant growth parameters as 
against control. The maximum increase in the length and dry 
weight of plant was observed in the soil treated with T. 
harzianum followed by T. viride and G. Wrens. Similarly, the 
highest number of flowers was also recorded in T.harzianum 
followed by T. viride and G. virens. 
The application of biocontrol agents viz., T. Iiarzianum, P. 
lilacinus, G. virens and T. viride significantly reduced the 
damage in terms of plant growth parameters viz., length, dry 
weight and number of flowers caused by M. javanica and M. 
phaseolina as compared to untreated and inoculated plants. 
The highest improvement in growth parameters viz., length, 
dry weight and number of flowers was recorded in the plants 
treated with T. harzianum followed by P. lilacinus, G. virens 
and T.viride. In the corresponding treatments the percentage 
reduction in length was recorded as 21.0, 24.8 29.2 and 34.5, 
and dry weight as 24.8, 29.5, 32.3 and 38.4 and in number of 
flowers found to be as 18.6 , 22.3, 26.1 and 32.0. However, in 
the absence of biocontrol agents reduction in length, dry 
weight and number of flowers was 42.2, 50.2 and 46.2% 
respectively in the plants inoculated with M. javanica and M. 
phaseolina. The application of T. flavus did not significantly 
improved the plant growth parameters. There was no 
significant variation in plant dry weight between the 
treatments of P. lilacinus and G. virens. 
The intensity of root-rot per system caused by M. 
phaseolina was reduced by the application of biocontrol agents 
viz., T. viride, T. harzianum, P. niacin us and G. virens as 
compared to untreated and inoculated with M. javanica and M. 
phaseolina. The highest reduction in root-rot was recorded in 
T. harzianum followed by G. virens ,T. viride and P. lilacinus. 
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In the corresponding treatments the percentage of root-rot/ 
root system was found to be as 22.4, 28.3, 34.9 and 
40.6,respectively. (Table 1.2). 
The number of galls/ root system and multiplication of 
root-knot nematode M. javanica was also significantly reduced 
by the application of biocontrol agents (7, harzianum, P. 
niacin us T. viride and G. virens) as compared to untreated and 
inoculated plants. The greatest reduction in reproduction factor 
and number of galls was observed in the plants treated P. 
lilacinus followed by T. harzianum G. virens and T. viride. 
There was no significant reduction in reproduction factor and 
number of galls between the treatments of T. tiarzianum and 
G. virens. In the corresponding treatments the reproduction of 
factor was recorded as 4.01, 5.06, 5.37 and 6.05 and number 
of galls/root system observed as 51, 74, 78, and 92. 
The data presented in table 2.1 clearly revealed that 
concomitant inoculation of balsam seedlings with M. javanica 
and M. pfiaseolina caused significant reduction in plant growth 
parameters as compared to untreated uninoculated 
plants(control). The individual application of biofertllizers viz., 
Glomus fasciculatum, Azospirillum brasilense and Azotobacter 
chrococcum showed significant increase in plant growth 
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parameters as compared to control. However, on the other 
hand the soil treated with nematicide and fungicide viz; 
carbofuran and bavistin, respectively and biofertilizers 
(Microphos) did not significantly affect the plant growth 
parameters (plant length, dry weight and number of flowers) 
as against control. The highest improvement in plant growth 
parameters viz; length, dry weight and number of flowers / 
plant was observed in plants treated with G.fasciculatum 
followed by A. chrococcum and A.brasilense. The application of 
either of the biofertilzers {G.fasciculatum, A.brasilense and 
A.chrococcum) or pesticides (carbofuran, and bavistin) 
significantly reduced the damage in terms of plant growth 
parameters viz; length ,dry weight of plant and number of 
flowers per plant flowers caused by M. javanica and M. 
phaseolina as compared to those plants inoculated with M. 
javanica and M. phaseolina only. The highest improvement in 
plant gowth parameters was recorded in the plants treated 
with carbofuran followed by bavistin, G.fasciculatum, 
A.brasilense and A.chrococcum. In the corresponding 
treatments the percentages reduction in length was recorded 
as 16.6, 20.5, 25.1, 31.1 and 36.6, dry weight as 17.9,21.3, 
27. 8, 33.3, and 39.4 and in number of flowers 14.1, 18.6, 
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23.1, 32.0 and 39.5. In the absence of biofertilizers and 
pesticides reduction in length, dry weight and number of 
flowers was found to be as 42.2 , 50.2 and 46. 2%, 
respectively in the plants inoculated with M. javanica and M. 
phaseolina. However, on the other hand the application of 
Microphos did not significantly improved the plant growth 
parameters of balsam infected with M.javanica and 
M.phaseolina. There was no significant variation in plant 
length, dry weight and number of flowers between the 
treatments of carbofuran and bavistin. 
The intensity of root-rot in balsam plants infected with M. 
phaseolina was reduced by the application of pesticides 
(cabofuran and bavistin) and biofertilizers (G. fasciculatum„ 
A.brasilense and A.chrococcum) as compared to untreated and 
infected plants. The highest reduction in root-rot was recorded 
in the balsam treated with bavistin followed by G. fasciculatum, 
carbofuran, A.brasilense and A.chrococcum. In the 
corresponding treatments the percentage of rottings/ root 
system was 21.6, 24.6, 25.8, 30.9 and 37.3 (Table 2.2) 
Similarly, the multiplication of root-knot nematode M. 
javanica was also reduced by the application of pesticides 
(Carbofuran and bavistin) and biofertilizers {G.fasciculatum, 
71 
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A.brasilense and A.chrococcum) as compared to untreated and 
inoculated plants. The greatest reduction in reproduction factor 
was observed in carbofuran, followed by bavistin, A.brasilense, 
G.fasciculatum and A.chrococcum. In the corresponding 
treatments the reproduction factor of root-knot nematode was 
found to be as 2.85, 3.57, 4.17, 6.12 and 6.45 and number of 
galls / root system recorded as 46, 53, 60, 9 1 , and 99. 
Moreover, there was no significant variation in reproduction 
factor and number of galls between the treatments of 
carbofuran and bavistin and bavistin and A.brasilense. (Table 
2.2). 
The data presented in table 3.1 clearly revealed that the 
simultaneous inoculation of balsam seedlings with M. javanica 
and M. phaseolina caused significant reduction in plant growth 
characters viz; plant length, dry weight and number of flowers 
as compared to untreated-uninoculated plants. The individual 
application of leaves of some plants viz., aak {Calotropis 
procera), neem {Azadirachta indica) and acacia {Acacia 
nilotica) significantly improved the plants growth parameters 
as compared to control. 
The maximum increase in plant length, dry weight and 
number of flowers was observed in plants treated with A. 
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indica followed by C.procera and A. nilotica. However, on the 
other hand the plants treated with marigold {Tagetes erecta) 
leaves did not show significant effect on plant growth 
parameters whereas, the plant treated with akhrot {Juglans 
regia) leaves showed toxic effect on balsam plants as it 
significantly reduced the plant growth parameters as compared 
to control .There was no significant differences in plant growth 
parameters between the soil amended with leaves of C. 
procera and A. indica. 
The significant improvement in plant growth parameters 
was observed in the plants growing in the soil amended with 
leaves of C procera, A. indica, T. erecta and J. regia and 
inoculated with M. javanica and M. ptiaseolina as compared to 
unamended and inoculated plants. 
The highest improvement in plant growth parameters 
viz; plant length, dry weight and number of flowers was 
recorded in the plants treated with leaves of C. procera 
followed by A. indica, T. erecta and J. regia. In the 
corresponding treatments the percentage reduction in length 
was recorded as 29.8, 33.4, 35.2 and 37.2 in dry weight as 
31.8, 37.0, 45.6, and 40.2 and in number of flowers was 
observed as 30.4,32.8, 39.8 and 42.9. However, in the 
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absence of botanicals, reduction in length, dry weight and 
number of flowers was recorded as 43.2, 54.4 and 48.4 %, 
respectively in the plants infected with M. javanica and M. 
phaseolina. 
Moreover, the application of A. nilotica did not 
significantly improved the plant growth parameters as 
compared to untreated - inoculated plants. Similarly, there 
was no significant reduction in length, dry weight and number 
of flowers between treatment of C. procera and A. indica 
leaves. 
The intensity of root-rot / system caused by M. 
phaseolina was reduced by the application of leaves of 
C.procera, A. indica, T. erecta and J. regia as compared to 
plants unamended and inoculated with Af. javanica and M. 
phaseolina. The highest reduction in root-rot was observed in 
the soil amended with leaves of A. indica followed by 
C.procera, J. regia and T. erecta. In the corresponding 
treatments the percentage of root-rot was found to be as 27.4, 
30.6, 43.0 and 47.7 (Table 3.2) 
Similarly, the multiplication of root-knot nematode M. 
javanica was reduced by the application of leaves of C.procera, 
A. indica, T. erecta and J. regia. The greatest reduction in 
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reproduction factor and number of galls was observed In 3. 
regia followed by C.procera, A. indica and T. erecta. In the 
corresponding treatments the reproduction factor was 
recorded as 2.10,3.67,4.88 and 6.20 and number of galls 
observed as 39,58,61 and 86/root system .Moreover there was 
no significant variation in reproduction factor of root-knot 
nematode and root-rot between the treatments of C. procera 
and A. indica (Table 3.2). 
The data presented in table - 4.1 clearly indicated that 
the concomitant inoculation of balsam seedlings with M. 
javanica and M. pliaseolina caused significant reduction in 
plant growth parameters viz; plant length, dry weight and 
number of flowers as compared to untreated- uninoculated 
plants. The individual application of seeds of mango (Mangifera 
indica), fruits of gulmohar {Delonix regia) and peel of banana 
{l^usa paradisiaca) significantly improved the plant growth 
parameters as compared to control. The maximum increase in 
plant length, dry weight and number of flowers was observed 
in plants treated with M. paradisiaca followed by M. indica and 
D. regia. However, on the other hand the plants treated with 
pericarp of yellow oleander {Ttievetia peruviana) did not show 
significant affect on plant growth parameters, whereas, the 
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plants treated with fruits of amaltaas {Cassia fistula) 
significantly inhibited the plant growth parameters as 
compared to control. 
There was significant improvement in growth parameters 
in the plant growing in the soil amended with seeds of M. 
indica and pericarp of T. peruviana and inoculated with M. 
javanica and M. phaseolina as compared to those plants 
unamended and inoculated with M. javanica and M. 
pliaseolina. The highest improvement in plant growth 
parameters viz., plant length, dry weight and number of 
flowers was recorded in the plants treated with seeds of M. 
indica whereas, minimum improvement was recorded in 
pericarp of T. peruviana. In the corresponding treatment the 
percentage reduction in length was recorded as 28.7 and 36.7, 
in dry weight as 35.4 and 43.9 and in number of flowers was 
32.4 and 39.6, respectively. The plants Inoculated with M. 
javanica and M. pliaseolina showed 43.2, 54.4 and 48.4% 
reduction in plant length, dry weight and number of flowers 
respectively. However, on the other hand, the plant treated 
with D. regia, M. paradisiaca and C. fistuia did not sifnificantly 
improved the plant growth parameters as compared to those 
plants inoculated with M. javanica and M. pliaseolina. 
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The perusal of data presented in table 4.2 clearly 
indicated that the intensity of root-rot / root system cause by 
M. phaseolina reduced by the application of seeds of M. indica 
and pericarp of T. peruviana as compared to untreated-
inoculated plants. The highest reduction in root-rot was 
recorded in plant treated with seeds of M. indica followed by 
pricarp of T. peruviana. The percentage of root-rot / root 
system was 36.9 and 44.6 recorded in the corresponding 
treatments. Moreover, there was no significant reduction in 
root-rot was observed in the plants treated with fruits/fruit 
parts of D. regia, M. paradisiaca and C. fistuia. 
The multiplication of root-knot nematode M. javanica 
reduced by the application of seeds of A/, indica and pericarp 
of T. peruviana as compared to untreated inoculated plants. 
The greatest reduction in reproduction factor and number of 
galls was observed in seeds of M. indica followed by pericarp of 
T. peruviana. The reproduction factor of root-knot nematode 
and number of galls was 5.35 and 6.74 and, 65 and 80 
respectively. In the corresponding treatments. The application 
of fruit /fruit parts of D. regia, M. paradisiaca and C. fistula did 
not significantly reduce the reproduction factor and number of 
gal ls/ root system. 
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Biological control is a tool to be considered in 
constructing an integrated pest nnanagement scheme for 
protected crop production. Since all the pests have natural 
antagonists, biological control should in theory be relatively 
straightforward. In practice, successful biological control is 
extremely difficult to achieve. Bioagents in addition to being 
cheap and effective are the safest in terms of environmental 
consideration and want relatively less technical skill for their 
application. Fungi possess a number of characteristics that 
make them potentially ideal biocontrol agent i.e. saprophytic 
species antagonize all pest organism, plant pathogens, weeds 
and insects, grown readily in cultures so that large qualities 
can be economically produced. Fungi also survive for relatively 
long periods as resting structures and can germinate to grow 
and control the target pest population. Many fungal species 
found effective as bio-control agents on large variety of plants 
pathogens have been identify worldover,researched and use 
successfully in managing air and soil-borne plant pathogens. 
Besides fungi many bacteria and actinomycetes have also been 
identified and are in use,but fungal antagonists takes a major 
share. 
The application of biocontrol agents viz., Paecilomyces 
HIacinus, Trichoderma harzianum, Trichoderma virens 
(Gliocladium virens) and Trichoderma viride significantly 
reduced the reproduction factor, number of galls and root-rot 
which consequently improved the plant growth parameters viz; 
plant length, dry weight and number of flowers in the plants 
inoculated with M. javanica and M. piiaseolina. These results 
are also in agreement with those of Shahzad and Ghaffar, 
(1989)., Siddiqui and l^ahmood, (1992)., Siddiqui et al., 
(2000)., Haggag and Amin (2001)., Chaitati et al., (2003)., 
Raut and Patel (2005)., Haseeb and Kumar (2006) who 
reported the use of fungal biocontrol agent viz. Trichoderma 
spp. and P. HIacinus to control the wilt root-rot root-knot 
disease complex on different plants. The efficacy of P. HIacinus 
has been reported to be effective agents M. javanica by 
various workers Zaki and Bhatti (1990)., Walla et al., (1991)., 
Anita and Vadivelu (1997) and Zaki and Mahmood (1999) in 
brinjal, chickpea, cowpea and betelvine, respectively. It is 
reported that P. HIacinus capable of parasitizing nematode 
eggs and destroying the embryo. It also grows within the body 
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of larvae and developing females resulting in their death 
(Jatala et al., 1979). Earlier reports showed that the hatched 
out juveniles become incapacitated in the presence of fungal 
hyphae indicate a primarly, diffusible toxic effect rendering 
them subsequently vulnerable to colonization. It is possible 
that partial disintegration of vitelline layer may be due to 
exoenzyme production by the fungal hyphae, possibly 
involving the presence of translocable, physiologically 
disorganizing factor, such as diffusible toxic metabolites. This 
disruption not only predisposes the egg to fungal infection by 
physical weakening of the shell, but, also increase 
permeability, thus facilitating inward passage of fungal 
metabolites both toxic and enzymatic. This exopathic effect 
might be enough to abort the reproductive process. Once a 
fungal, hypha enters an egg, enzymatic dissolution of the 
chitin layer takes places (Okafor, 1967). It has been reported 
that mycelial proliferation on the nematode body results in 
probable biosynthesis of destructive metabolites 
endogenously. Thereafter, endogenous mycelial proliferation 
might support the lysis of egg-shell material. Later, hyphae 
penetrate the larval cuticle. This endopathic activity of the 
fungus causes total degeneration of the egg contents and 
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leads to the ultimate demise of the larvae. Paecilomyces 
IHacinus isolates from silkworm yielded oxalic, dipicolinic and 
succinic acids and some unidentified aminoacids, as well as 
large amounts of D-mannitol (Domsch et al., 1980). These 
chemicals might also be responsible for the killing of 
nematodes and inhibitions of fungal growth. 
In the present findings, Paecilomyces IHacinus not only 
reduced the intensity of M. javanica infection but it also 
showed antagonistic effect against M. phaseolina. These 
results are in general agreement with findings of Siddiqui et al. 
(1998, 1999) who reported that P. IHacinus reduced the 
infection caused by M. phaseolina, R. solani and F. solani on 
sunflower, chickpea, mungbean and mashbean and 
consequently increased the plant growth parameters. Some 
toxic metabolites and/or enzymes released by P. IHacinus 
might have inhibited the growth of Af. phaseolina. 
Paecilomyces IHacinus is reported to produce p, 1-3 glucanase 
(Domsch et al., 1980) and chitinase (Okafor, 1967) 
extracellularly which are key enzymes in the lysis of fungal cell 
walls (Mitchell and Alexander, 1963). Macrophomina 
phaseolina belongs to homobasidiomycetes, the walls of which 
are mostly composed of glucans with only about 6-8% chitin 
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(Bartinickin Garcia 1973). It, therefore, seems that p (1-3) 
glucanase is more important in the degration of cell walls of M. 
phaseolina. Aral et al., (1973) and Isogai et al., (1980) 
isolated leucostation Niacin and peptidal antibiotic P-168 from 
P. lilacinus Leucostatin and P-168 showd a wide range of 
antimicrobial activity. 
The use of Paecilomyces lilacinus in the control of root-
rot and root-knot disease complex indicates that the fungus 
can be successfully used to replace chemical pesticides. Saeed 
et al. (1988) found that P. lilacinus does not produce aflatoxin 
and thus be used safely on a large scale under field conditions. 
In addition to Meioidogyne spp., P. lilacinus is also known to 
parasitize species of cyst nematodes- Globodera spp. (Franco 
et a/., 1981), Rotylenchulus reniformis (Khan, 1986) and 
Tylenchulus semipenetrans (Reddy et al., 1999). Therefore, 
use of P. lilacinus in the control of nematode disease 
complexes involving soil borne root infecting fungi and 
nematodes other than Meioidogyne spp. may also hold 
promise. Use of P. lilacinus instead of pesticides can reduce 
the cost of production and might result in increased crop 
productivity. 
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Similarly, in the present study Trichoderma spp. viz., T. 
harzianum, T. viride and T. virens (G. virens) not only reduce 
the intensity of root-rot caused by M. phaseolina but also 
effectively suppressed the reproduction factor and galls 
produced by M. javanica which lead to increase in the growth 
parameters of balsam. The improvement in plant growth was 
governed by extent of management of root-knot nematode 
and root-rot fungus, as it clear from inversely proportional 
relationship between reproduction factor and / or root-rot and 
extent of plant growth. These results are also supported by 
Pathak et al. (2007) who reviewed the management of 
nematodes and fungal diseases by Trichoderma spp. 
The nematicidal effect of Gliocladium spp. against root-
knot nematode have been reported by several workers 
(Sankaranarayanan et al., 1998, Manuzea Gomez and Varon 
de Agudelo; 2001). Similarly, Gliocladium sp. have been 
reported potential fungal bioagent against several plant 
pathogens and plant parasitic nematodes (Papavizas, 1985). 
However, on the other hand, in the present study the 
application of Talaromyces flavus neither significantly reduce 
the damage in terms of plant growth parameter nor reduced 
the reproduction factor of root-knot nematode and percentage 
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of root rot. However, these results are contradictory with those 
of Ashraf and Khan (2007) who reported that T. flavus was 
also able to manage M. javanica infecting eggplant by 
parasitizing the eggmasses. 
It has been reported that Trichoderma is a biocontrol 
agent, antagonistic to several soil inhibiting fungi, bacteria, 
nematodes etc (Pathak et al., 2007). As soon as , it finds a 
plant pathogenic flora or fauna, its mycelium quickly grew 
towards the pathogen, entagles it or curls around it and 
penetrates the pathogen by its haustoria / appresoria and 
cause lyses. 
The lysis results by extracellular secretion of lytic 
enzymes (B-1, 3 glucanase, chitinase, protease, lipase etc.)by 
Trichoderma spp. The antagonist is also known to release 
antibiotics like alkylpyrones, isonitriles, polyketides, 
peptiabols, diketopiperzones, sesquiterpenes, steroids etc 
which are harmful to pathogen and therefore inhibits the 
growth of pathogen (Elad et al., 1982., Lorito et al., 1993) 
such mechanism is called antibiosis. Some antibiotics produced 
by Trichoderma spp. are identified as Trichodermin, GHovirin 
(by Gllocladlum virens), viridol and Gliotoxins. 
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Once Trichoderma is introduced in tine soil either witln 
treated seeds or mixed witli farmyard manure. It grows so 
rapidly consuming essential nutrients from soil that the other 
soil inhibiting microorganisms fail to complete with the 
antagonist and finally die due to scarcity of food and space. 
Another mechanism of biocontrol by Trichoderma is due 
to induced resistance in plants (Windham et al., 1986). Many 
plant pathogens depend upon the production of pectolytic, 
cutinolytic and cellulolytic enzymes to infect host plants. Some 
of the Trichoderma strains produce serine protease that is 
capable to inactivate cell wall degrading enzymes of the 
pathogen and therefore reduce the ability of the pathogen to 
infect its host. Moreover, Trichoderma spp. are also known to 
solublise rock phosphate, metallic zinc, manganese, iron and 
copper and also enhance nitrogen use efficiency in plants. 
Because of these properties, Trichoderma spp. not only 
becomes a bioagent for disease control but also an agent 
which enhance the growth of plants by providing soil nutrition 
in soluble forms for absorption by the roots resulting in better 
health of plants (Pathak etai., 2007). 
Adequate availability and constant replenishment of 
inorganic micro/macro nutrients influence plant health despite 
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having biotic stress. On the contrary, plants show unthrifty 
growth and are vulnerable to pest and diseases due to 
micro/macro nutrients imbalance. Healthy crop suffers less 
damage caused due to pest and diseases (Klopper and 
Schroth, 1981). Availability of nutrients largely governed by 
presence of microflora, which boostup the plant health and are 
recognized as plant growth promoting bacteria (Klopper et ai, 
1980). Nitrogen fixing bacteria such as the symbiotic 
Rhizobium, and the free living Azotobacter and Azospirillum 
convert gaseous forms of nitrogen in the atmosphere to forms 
readily used by crops and is available constantly to plant in 
association, and the plant is able to with stand the 
adversaries. Besides, they also produce iron chelating 
substances as sideropheres that deprive deleterious microbes 
for iron thereupon and subsequently hempring cyanide 
production causing damage to plant health Klopper and 
Schroth, (1981) help to counter the deleterious pest and 
disease (Weller, 1988). An increase in yield in many crops by 
application of beneficial microbes have been reported mainly 
due to colonization and there by suppressing the cyanide 
producing deleterious microbes (Schroth and Hancock, 1982). 
However, these bacterial microbes are inconsistent in action 
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due to changes in competition for colonization (Schipper et 
a/., 1987). Nematodes and fungi are wound causing organisms 
and draw nutrients from plant and beneficial microbes 
compensate this. There is a growing perception for the organic 
management of pest and diseases by enhancing microflora and 
maintaining maximum biom diversity for the balance 
ecosystem. 
The individual application of biofertilizers (Glomus 
fasciculatum, Azotobacter chrococcum and Azospirillum 
brasilense) significantly increased the plant growth parameters 
viz; length, dry weight and number of flowers as compared to 
untreated uninoculated plants. These results are also in 
agreement with those of (Chahal and chahal, 1988., Bansal et 
al., 1998, 1999., Pandey et a/., 1998 and Bansal and Verma, 
2002) who reported that the application of biofertilizers viz., 
A.chrococcum, A.brazilense and G.fasciculatum increased plant 
growth parameters of several crops as compared to control. 
The reasons for enhanced growth is attributed to the growth 
promoting substances. Viz. Indole-acetic acid, gibbereliins and 
cytokinins produced by Azotobacter (Martinez-Toledo et a/., 
1988) which enhance root growth and thereby help the plants 
to absorb nutrients better, which have been reported to 
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elongate stem, enlarge cells and leaves, expand root systenn, 
induce cell division and cause early flowering and fruiting. 
Beneficial response may also be due to its property to excrete 
varying amounts of ammonia (Narula et a\., 1980) which 
benefit plants directly as nitrogen source and indirectly by 
deterring pathogens (Castro et a/,, 1990., Sudirman and 
Webster, 1995) thus eleviating their damaging effect. Similarly 
the increased plant growth parameters of balsam treated with 
Azospirillum was primarily because of increased availability 
and uptake of potassium and nitrogen nutrients and produce 
many beneficial effects the vicinity of rhizosphere of many 
crops (Vegorenkova and Konnova, 2001) and secondly due to 
increased nitrogen assimilatory enymes (Gunasekoran and 
Sivakumar ,1996) substances synthesized secreted in the 
rhizosphere cortical tissues and xylem vessel of roots. These 
factors cumulatively played crucial role to increase the crop 
vigour, total biomass production, root biomass and grain yield. 
Similar results have been reported in many cereals and other 
crops (Hedge et al., 1999; Jayaraj and Ramabadran,1999., 
Rani et al., (1999). The improvement in plant growth in the 
presence of G.fasciculatum might be due to improve uptake of 
nutrients, especially phosphorus. In addition to phosphorus, 
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G.fasciculatum are known to enhance uptake of Ca, Cu, S and 
Zn. (Gerdennann, 1968). It also produce plant hormones and 
increase the activity of nitrogen fixing organism. 
The application of biofertilizers (A. chrococcum, 
A.brasilense and G.fasciculatum) and pesticides (carbofuran 
and bavistin) significantly reduced the reproduction factor, 
number of galls and root-rot which consequently improved the 
plant growth parameters viz., plant length, dry weight and 
number of flowers in the plants inoculated with M.javanica 
and M. phaseolina.These results are in also confirmity with 
those of Ramakrishnan et al., 1996., Mishra and Shukia 1997., 
Bansal et al., 1998., Sharma and Mishra 2003., and Singh et 
al., 2005 who reported that root-knot nematode damage could 
be mitigated by the application of biofertilizers such as 
A.chrococcum, A.brasilense and G.fasciculatum. Similarly, the 
pesticides (carbofuran and bavistin) significantly increase the 
plant growth parameters and suppressed the severity of 
disease complex caused by M.javanica and M. phaseolina. 
These findings are also in agreement with Butool et al., 1998; 
Haseeb et al., 2005, Haseeb and Sharma, 2005 and Haseeb et 
al., 2007. Moreover, the application of Microphos in the balsam 
plants neither significantly affect the plant growth parameters 
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nor population build up of nematodes and intensity of root-rot 
caused by M. phaseolina as compared to control. It has been 
reported that the rhizobacteria are known to induce reduction 
in hatching, interference with normal host recognition and 
reduce nematode penetration because bacteria envelop or bind 
the root surface with carbohydrate-lectin (Oostendorp and 
Sikora, 1989), mortality of infective juveniles (j2) by the 
production of toxic metabolites and nematicidal components 
(Spiegel et a/., 1991, Becker et al., 1988) and alteration of 
specific root exudates which control nematode behaviours 
(Racke and Sikora, 1992). 
Chahal and Chahal (1988) revealed that Azotobacter 
chrococcum caused permanent inactivation of eggs of M. 
incognita which ultimately inhibited the eggs hatching. It may 
be due to the ability of bacteria to produce some inhibitory 
metabolites. Although Azotobacter has also been reported to 
produce fungistatic compounds, enzymes and metabolites 
(Mishustin, 1970; Brown, 1974; Wildermuth, 1982) which are 
involved in the inhibition of some of the phytopathogenic 
fungi. The production of nematicidal compounds in the case of 
many rhizobacteria results in the suppression of juveniles of M. 
incognita (Becker et al., 1988). The mechanism of interference 
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With host recognition process also might have played a 
significant role in suppression of the root-knot nematode. Plant 
growth improvement may be related to suppression of 
parasitic nematodes and fungal pathogens present in the 
rhizosphere region. In addition, the plant growth promoting 
hormones including gibberellins, cytokinins and indole-3 acetic 
acid produced by the bacterium also reported to constitute a 
mechanism for plant growth promotion ( Lifshits et a/., 1987; 
Siddiqui eta/ . , 1998) and yield improvement. 
Incorporation of G.fasciculatum significantly improved 
plant growth in comparison to non-mycorrhizal treatments 
which is attributed to reduce nematode and fungal infection 
apart from plants getting more available phosphorus than 
other wise. It has been suggested that lignins and phenols get 
increased in mycorrhizal plants and thus may be responsible 
for expressing resistance against nematode invasion (Singh et 
a/., 1990). Production of phytoalexin compounds in 
mycorrhizal plants could be another mechanism imparting 
tolerance to root-rot and root knot diseases (Sundaresan et 
a/., 1993).It can be concluded that besides the increase in 
plant growth parameters of balsam with the application of 
biofertilizers (except Microphos) and bioagents (except 7. 
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flavus) reduced the reproduction factor of root knot nematode 
and root rot caused by M. phaseolina. 
The management of root-knot nematode by 
G.fasciculatum was also reported by Mishra and Shukia (1997) 
in tomato. The role of VAM fungi in biological control has been 
established in a number of soil borne diseases including root-
rot of tomato caused by F. oxysporum f. sp. radicis-lycopersici 
(Carton et a/., 1996); the infection of green gram, black gram 
& chickpea by dry root-rot pathogen M.phaseolina have been 
reduced significantly in mycorrhizal plants (Kehri and Chandra, 
1987; Jalali et a/., 1990; Chandra et a/., 1995).It can be 
concluded that besides the increase in plant growth 
parameters of balsam with the application of biofertilizers 
(except Microphos) and bioagents (except 7". flavus).The 
reduced reproduction factor of root-knot nematode and root-
rot caused by M.phaseolina were also recorded. 
Plant parasitic nematodes and fungi constitute as one of 
the important pest group of economic crops. Until, now the 
agricultural sector has relied heavily upon the use of 
commercial synthetic nematicides, comprising primarily 
carbamate organo-phosphate and organohalide formulations 
for phytonematode control. Some commericial synthetic 
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nematicides and fungicides exinibit high mammalian toxicity 
since the mode of action involves ubiquitous metabolic 
pathways. The adverse effect of some commercial pesticides 
on human health has led to the withdrawal of some products 
from market e.g DBCP was deregistered when it was found to 
promote both low sperm counts in human males and 
carcinogenesis (Johnson et a/., 1987). The commercial 
synthetic pesticides are xenibiotics hence they may be 
recalcitrant to biodegration thus, exhibit high residual 
accumulation and leaching to cause environmental problems 
such as ground water contamination. On the otherhand high 
cost of commercial pesticide render their use unfeasible 
especially in tropical developing countries where a limited 
range of pesticides are available in the market inspite of 
severe phytonematode and root-rot fungi have been reported 
as major limiting factors in the cultivation of various crops. 
Infact plants have evolved their own chemical defenses not 
only against nematodes but also against most of the pests of 
agricultural importance with varying degree. When extracted 
from plants, these chemicals are referred to collectively as it, 
botanical. Generally botanicals degrade more rapidly than 
most conventional pesticides, and so are considered relatively 
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environmentally benign and less likely to kill beneficial than 
chemical pesticides with longer residual activity. Because they 
generally degrade within a few days, and sometimes within a 
few hours. Therefore, in the present study the pesticides of 
botanical origin were applied to control disease complex of 
balsam. 
The individual application of chopped leaves of Calotropis 
procera, Azadirachta indica and Acacia nilotica and seeds of 
Mangifera indica, peel of Mt/sa parasidiscia and fruit of Delonix 
regia significantly increased the plant growth parameters as 
compared to untreated-uninculated plants. These results are 
also in agreement with those of Ramakrishnan et al.,1997., 
Rao and Reddy, 1992., Prasad et al., 2002 who reported the 
manurial effect of botanicals which lead to increase in plant 
growth parameters in amended soil. Organic additives in the 
form of chopped leaves, fruits and fruits parts improved soil 
structures and water holding capacity of the soil. These 
materials also release some nutrients after their decomposition 
which accelerate rapid root development and overall plant 
growth. Moreover, the plants amended with J. regia leaves and 
fruits of amaltaas {Cassia fistula) showed phytotoxicity, i.e 
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growth parameters of balsam was significantly reduced as 
compared to control. 
The application of chopped leaves of Calotropis procera, 
Tagetes erecta, Azadirachta indica and seeds of Mangifera 
indica and pericarp of Thevetia peruviana significantly reduced 
the reproduction factor of root-knot nematode which 
consequently improved the plant growth parameters in plants 
inoculated with M.javanica and M.phaseolina. These results are 
inconfirmity with those of Vijaylakshmi et al. (1979), 
Mojumdar and Mishra (1999), Saravanapriya and Sivakumar 
(2002), Pandey (2002), Randhawa (2002), Prasad et 
al.(2003), Ahmad et a/.C2007), Rather and Siddiqui (2007) 
who reported that application of plants / plant parts caused 
significant reduction in root-knot nematode infestation which 
consequently lead to increase the growth of different plants. 
Similarly, there are also some reports which showed that the 
application of botanicals significantly reduced the damage 
caused by fungal diseases in various crops (Bansal et a/., 
2000., Desai and Kulkarni, 2002., Kumar et al., 2002., 
Navarro Garca et a/., 2003., Sehgal et a/.,2005., Mahmood et 
a/., 2005., Lloyd etal., 2005., Bbosa et al., 2007). 
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Plants have an almost limitless ability to synthesize 
aromatic substances as secondary metabolites such as 
phenols, alkaloids, flavonoids, terpenoids and phytosterol 
which are produced from carbohydrate, aminoacids and 
chlorophyll i.e. primary metabolites. These secondary 
metabolites do not play any role in growth and development of 
the plant but they provide protection to the plants against 
predators and pathogens. (Harborne, 1984., Wink, 1999). 
Several workers reported that secondary metabolites possess 
antimicrobial activity (Oketch et al., 2000., Machado et 
al.,2003., DeSilva Cunha et a/.,2004., Nazaruk and Jakonick 
2005., Kuete eta/., 2006) 
Our results indicate that organic soil amendments were 
effective in reducing root-knot nematode infestation, root-rot 
and improving plant growth. The efficacy of organic soil 
amendments against plant pathogens depend on many factors 
including the pathogens present (Mcsorley and Gallaher, 
1996), the chemical composition of amendments (Mojtahedi et 
al., 1993., Stirling, 1991), including its C:N ratio (Stirling, 
1991), the length of time since application (Mcsorley and 
Gallaher, 1996), the other organisms present in soil 
environment including those which feed or parasitizes the 
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nematode and fungi as well as other environmental factors and 
agricultural practices (Stirling, 1991). The metabolites of 
microbes, which are activated by organic amendments have 
been found toxic to nematodes and fungi. As a results of the 
application of organic amendments, plant nutrients are 
released which accelerates root development and overall 
growth. Orion et a/. (1980) pointed out that higher 
concentration of ammonia liberated during the decomposition 
of organic additives inhibited the formation of syncytium which 
is essential for the development of the nematode, since 
syncytium is the feeding site for the nematodes. 
The common occurring chemical in neem e.g 
Azadirachtin, Kaempferol, nimbin, nimbidin, nimbidic acid, 
querctin and thionemone are thought to be responsible for the 
management of disease complex caused by M. javanica and 
M.phaseolina of balsam. Soil amendment with green plant 
material of Tagetes promoted plant growth which may be 
attributed to reduction in nematode population and root-rot 
caused by M. javanica and M. phaseolina and/or due to certain 
nematicidal and fungicidal compounds released after their 
decomposition. Though there are conflicting reports about the 
capacity of Tagetes to suppress population of noxious 
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nematodes but it seems that it does have nematicidal 
properties. The differences in results of various experiment 
may be due to variation in the Tagetes species, cultivars and 
the climatic conditions. The studies indicated that besides 
useful attributes of Tagetes, as an intercultural crop, the 
therapeutic value of its plant parts can also be exploited 
profitably for the management of disease complex of balsam. 
The present study showed that amendment of pericarp of 
Thevetia peruviana, seeds of Mangifera indica and leaves of 
Calotropis procera exhibited considerable nematicidal and 
fungicidal activity to M. javanica and M. phaseolina, 
respectively. The chemistry of these plants studied by various 
workers. Thevetia not mainly comprised of cardio-active 
glycosides (siddiqui et al., 1992., Begum et al., 1993) known 
as cardenolide and it was observed that the glycosides viz. 
nerifolin, thevetin A and B, peruvioside, therevenerinete 
present in Thevetia. Plant extract against insect has been 
reported by Prasad et al., (2001) which is in accordance with 
highest mortality against root-knot nematode revealed from 
over findings. The kernel of Mangifera indica is astringent, 
anthelmintic, stimulant, anti-inflammatory antibacterial, 
antifungal, antispasmodic, antisorbutic. The seed kernel 
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contain a and p-amyrin, gallotanin, glucogallin and several 
sterol. Bbosa et al. (2007) have investigated antibacterial 
activity of M. indica. Tine seedlings and leaves of C. gigantea 
possess antifungal properties, the former inhibited the growth 
of Fusarium nivale (Fr.) Ces., F.oxysporum. Helminthosporium 
sativum, Colletotrichum falcatum and latter reducing the 
fungal population in the rhizosphere of bajra. An aqueous 
extract of the leaves also inhibited the larval hatching of root-
knot nematode (M. incognita) although it is slightly phytotoxic. 
Shoot and leaf extracts possess strong antibacterial property 
the leaves contain ascorbic acid (241-411mg/kg dry basis). 
The leaf yielded 0-pyrocatechuic acid and an alkaloid. 
Besides, the nematicidal and fungicidal properties of 
indigenous plants tested, there could also be other factors 
responsible for nematode and fungus control which may be 
similar to those worked out for other organic additives (Tiyagi 
et a/., 1998). It may be due to increase in the predacious and 
parasitic activity of soil biota inimical to the nematodes 
(Linford, 1937) increase in the host resistance (Alam et al., 
1980) or the toxicity of the decomposition products of the 
additive (Alam et a!., 1979). The efficacy of management of 
disease complex of balsam by the amendments of organic 
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additives varied on different types of plants. The difference in 
the efficacy between the plants may be due to variation in the 
concentration and composition of antifungal compound in 
different plants. 
It can be concluded from the above results that the 
botanicals being the only alternative to chemicals are expected 
to fulfill all requirement of the farmers and will also being 
susceptibility to agriculture as it involves integration of 
biological, cultural and natural inputs for the management of 
not only nematodes and fungi but also many other pests of 
agricultural importance. The use of botanical possessing the 
antifeedent properties offers a harmonious approach to 
manage the disease complex of balsam. In the present study 
while using these botanicals did not observe any phytotoxic 
effect on the plants (except J.regia and C. fistula) rather 
showing better growth parameters in most of the plants. 
Antagonist plant also offer basis for finding and 
developing natural nematicides and fungicides which will help 
to maintain a clean environment. However, it will be desirable 
to isolate the active principle from the extract of these plants 
for testing against some plant diseases under field conditions. 
Special attention is also required for finding out possible 
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systemic action of tliese natural products as also their 
belnaviour to other soil biota. 
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Blocontrol of plant pathogens is now preferred because of 
environmental risks and health hazards involved In the use of 
chemical pesticides. Biological control mainly deals with the 
application of bioagents or by stimulation of natural enemies of 
the nematode like fungi and bacteria in the soil. The present 
Investigation was undertaken to determine the efficacy of 
blocontrol agents, blofertllizers, pesticides and certain botanicals 
(leaves and fruits/fruit parts) in the management of root-rot-
root-knot disease complex of balsam. 
The efficacy of blocontrol agents (Trichoderma harzianum, 
Trichoderma viride and Gliocladium virens, PaecUomyces lilacinus 
and Talaromyces flavus) were tested for the management of 
root-rot -root-knot disease complex of balsam. The Individual 
application of blocontrol agents (T.harzianum, T. viride and G. 
wrens; caused significant increase in plant growth parameters as 
compared to control. However, the plant inoculated with 
P.liladnus and T.fiavus did not significantly affect the plant 
growth parameter as compared to control. 
The simultaneous inoculation of plant with MJavanica, 
M.phaseolina and either of the blocontrol agents ij.harzianum, 
PJHacinus.G.virens and T.viride) significantly reduced the 
reproduction factor, number of galls and intensity of root-rot 
which consequently Improved the plant growth parameters viz., 
length, dry weight and number of flowers of balsam as compared 
to those plants inoculated with MJavanica and M.phaseolina. 
However, the application of T.flavus neither significantly reduced 
the reproduction factor, number of galls and intensity of root-rot 
nor Increased the plant growth parameters as compared to 
untreated-inoculated plants. Among these blocontrol agents 
T.harzianum was found to be the most effective in the 
management of disease complex followed by P.lilacinus,G. virens 
and T.viride. 
The individual application of biofertilizers (Glomus 
fasciculatum, A.chrococcum and A.brasilense) significantly 
Increased the plant growth parameters as compared to control. 
However, on the other hand the plants treated with pesticides 
(carbofuran and bavistin) and biofertilizer (Microphos) did not 
show significant affect on plant growth parameters. However, on 
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the other hand the simultaneous inoculation of balsam with 
M.javanica, M.phaseolina and either of the biofertilizers (G. 
fasciculatum, A.brasilense and A.chrococcum) or pesticides 
(carbofuran and bavistin) significantly reduced the reproduction 
factor, number of galls and intensity of root-rot which 
consequently improved the plant growth parameters as 
compared to untreated and inoculated with M.javanica and 
M.phaseolina. Moreover, the application of Microphos neither 
significantly reduced the reproduction factor, number of galls 
and intensity of root-rot nor Increased the plant growth 
parameters as compared to plants untreated and inoculated. 
Among the biofertilizers, G. fasciculatum was found to be the 
most effective in the management of disease complex followed 
by A.brasilense and A.chrococcum. 
The individual application of leaves of some plants 
{Calotropis procera, Azadirachta indica and Acacia nilotica) 
significantly Improved the plant growth parameters as compared 
to control. However, on the other hand the plants treated with 
Tagetes erecta leaves did not show significant effect on plant 
growth parameters, whereas, the plants treated with Juglans 
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regia leaves significantly inhibited the plant growth parameters 
as compared to control. 
The simultaneous inoculation of plants with M.javanica and 
M.phaseolina and amendment of either of the leaves of some 
plants viz., C.procera, A.indica, T.erecta and J.regia significantly 
improved the plant growth parameters (length, dry weight and 
number of flowers) and reduced the reproduction factor, number 
of galls and intensity of root-rot as compared to untreated-
inoculated plant. Among these amendment of leaves C.procera 
was found to be the most effective in the management of disease 
complex followed by A. indica, T.erecta and J.reg/a.Moreover,the 
amendment of leaves of A.nilotica neither increased the plant 
growth parameters nor reduced the reproduction factor,number 
of galls and root-rot. 
The individual application of seeds of Mangifera indica, fruit 
of Delonix regia and peel of Musa paradisiaca significantly 
improved the plant growth parameters as compared to control. 
However, the plants treated with pericarp of T. peruviana did not 
significantly increase plant growth parameters, whereas the 
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plants treated with fruits of C.fistula significantly inliibit the plant 
growth parameters as compared to control. 
The simultaneous inoculation of plants with M.javanica and 
M.phaseolina and amendment with either seed of M.indica or 
pericarp of T.peruviana significantly improved the plant growth 
parameters (length, dry weight and number of flowers) and 
reduced the reproduction factor, number of galls and intensity of 
root-rot as compared to those plants untreated-inoculated with 
M.javanica and M.phaseolina, However, the application of fruit of 
D.regia, pericarp of M.paradisiaca and fruit of C.fistula neither 
significantly reduced the reproduction factor, number of galls and 
intensity of root-rot nor affecting the plant growth parameters 
as compared to untreated-inoculated plants. 
The present investigations showed that biocontrol agents 
{T.iiarzianum, P.lilacinus, G.virens, T.viride), pesticides 
(carbofuran and bavistin), biofertilizers {G.fasciculatum, 
A.brasilense, A.chrococcum), and certain botanicals viz., 
C.procera, A.indica, T.erecta, M.indica, T.peruviana significantly 
reduced the reproduction factor, number of galls and root-rot 
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which consequently increased the plant growth parameters of 
balsam infested with MJavanica and M.phaseolina. 
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